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Character and Value of Existing Tests, for Pupils and 
Teachers, in General Science’ 


Harry A. CunNINGHAM 


Kent State Normal College, Kent, Ohio 


A test is a device by means of which we measure the per- 
formance of pupils. We infer a pupil’s ability along any 
particular line after measuring his performance by means of 
tests. Ability, as the term will be used in this paper, means 
proper reaction to situations. One’s ability along any line 
is made up of “capacity” plus training. A good test in gen 
eral science, or any other subject, should possess validity, reli- 
ability, and objectivity. The test should be easy to adminis 
ter and score and, if the performance of one group is to be 
compared with the performance of another group upon the 
same test, it is desirable that norms be established. 

For the purposes of this discussion, we shall classify the 
existing tests in general science in the following manner: (1) 
Tests to measure the performance of pupils from which per 
formance we are able to infer the degree to which the out 
comes set up in the typical general science course have been 
attained; (2) Tests to measure the performance of pupils 
from which performance we may infer the degree of attain 
ment of the outcomes set up in a specific general seience 
course; (3) Tests to measure the performance of pupils 
from which performance we are able to infer the pupils’ abil 
ity to employ the various elements of scientifie thinking and 
to throw the necessary safeguards around each step of the 
process 5 | +) Tests to measure the performance of pupils from 
which we are able to infer their ability to use successfully 
the various study skills that are necessary in the suecessful 


study of general science; (5) Tests to measure the per- 


1 Paper given at th annual meeting of the Central Association, Nov. 
30, 1928, 
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formance of teachers from which we may infer the ability of 
teachers to meet successfully typical problematic situations in 
the teaching of general science. Let us turn our attention 
first to group No. 1. 

The material for the Ruch-Popenoe test was obtained by 
the analysis of textbooks and the final selection of material 
was accomplished by means of the combined judgment of com 
petent teachers. The material for the Powers test was also 
obtained by the analysis of textbooks in general science and 
of courses of study. The final selection was made partly as 
the result of trial in the classroom and partly by obtaining 
the concensus of teachers. Further evidence of the validity 
of the Powers test is furnished in the form of correlations of 
the test with teachers’ marks, Regents’ marks, and intelli 
gence quotients. The material for the Dvorak Seales was gath 
ered together from various sources. An item to remain in the 
scales was required to “satisfy one or more of the seven Car 
dinal Principles of Secondary Education.” ‘The material for 
Downing’s test was also obtained from the analysis of high 
school science textbooks—not necessarily general science text 
books. In this way the important “conceptions of science” 
were discovered, The final selection was made on the basis 
of the concensus of opinion of twenty competent high school 
teachers. It may be well to note in passing that Downing’s 
test is not necessarily a general science test but rather “a test 
in science in general.” 

Two forms are available for the Ruch-Popenoe test; two 
for the Powers test; three seales for the Dvorak test; and 
one form for the Downing test. 

The following uses are given for these tests: (1) They may 
be of use in assigning marks; (2) They may be of use in 
determining promotions and failures; (3) They may be used 
in the classification of pupils into homogeneous groups; (4) 
They may be used in comparing the results of instruction in 
various localities; (5) They may be of use in school surveys; 


idea 


(6) They may be used to give the individual pupil a 
of his standing in the group; (7) They may be used in pre 
dieting the student’s ability to go on into more advanced sci 
ence; (8) They may be used to determine the relative prepara- 
tion of pupils in the various sciences; (9) They may make 


the teacher aware of the individual differences present in any 
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64 (JUARTERLY 

class and thus enable the teacher to better adapt his instrue- 
tion to these differences. Not every author has mentioned all 
of these uses but every use has been mentioned by at least 
one author. It is evident that the first six uses could not be 
accepted unless the objectives of the course under considera- 
tion are the same as the objectives implied by the test. 

\ step forward in test construction is made when specific 
objectives are set up for a specific course in general science ; 
when the subject matter is scientifically selected in the light 
of these ol jective s; and, as the third step, tests are constructed 
to measure the performance of pupils from which performance 
of pupils one may judge the degree to which the objectives 
set up for the course have been realized. In this connection, 
we shall discuss two tests: (1) Toops “General Science 
Test” ;* and (2) “Tests on Everyday Problems in Science’? 
by Pieper and Beauchamp. 

The Toops “General Science Test’? was published in 1919. 
This test was not intended to be a comprehensive examina- 
tion, but was “published rather for the purpose ot illustrating 
the method” of constructing a test based upon the one word 
answer principle. Toops test is based upon Caldwell and 
Eikenberry’s “General Science.” The following are a few 
examples of the test items: 


“What instrument is commonly used to measure the atmospheric 


t Barometer. 


pressure? 
“What astronomical body causes tides? Moon. 
“Of what material is the positive pole of a dry battery made? 
Carbon (C).” 


Dr. Toops writes in a personal letter that “we find 
the scores on the examination indicate that the test has some 
considerable validity in spite of the fact that it has only 50 
questions in it.” “The one-word-answer type of test has 
higher reliability than the multiple choice form.”*® 

In the judgment of the writer, this type of test has decided 
advantages when the objective is to test knowledge of subject 
matter. The outstanding contribution along this line, how- 
ever, has been made by Pieper and Beauchamp. 

In constructing their course of study in General Science— 


4 Toops, Herbert A., “‘A General Science Test,” School Science and 
Mathematics, 25:817-822, Nov. 1925. 

5 Pieper, C. J. and Beauchamp, W. L., “‘Tests on Everyday Problems in 
Science,’’ Scott, Forsman & Company, Chicago, Illinois. 

6 Toops, H. A., “Trade Tests in Education,” T. C. Contributions to Edu- 


cation, No. 115, 1921, pp. 39-54 
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“Everyday Problems in Science’—seventeen major objectives 
for the course were decided upon and one unit was given 
over to the development of each major objective. These major 
objectives were expressed as important “understandings” of 
science rather than as knowledge of subject matter. Facts are 
important in the course but only as they contribute to the 
major understandings implied in the course. Each major 
understanding is usually analyzed into from 5 to 10 subordi 
nate understandings —or problems— the mastery of which 
assures the mastery of the unit. 

“Two types of tests are available for each of the seventeen 
units” of the course: “Factual Tests’ and “Major Ideas 
Tests.” For each type of test there are two forms. “The 
factual tests are designed to measure the pupil’s knowledge 
of significant facts included in each Unit of the” course. The 
same form is used as that used by Toops, namely, the “one 
word-answer.” Two forms for each test are provided and each 
form has 50 test items. 

“The Major Ideas Tests are designed to measure the pupil’s 
understanding of the major ideas or conceptions of science 


and of the social implications of science studied within each 
unit.” “Each test item is an incomplete statement concern- 
ing a major conception, followed by four clauses, phrases, or 
words which do or do not correctly complete the incorrect 
statement. The pupil indicates by a plus sign (+) or a 


» 
| minus sign (—) opposite each of the completions his judg 
ment as to whether the completion is correct or incorrect.” 
In this way every one of the completions must be judged 
) either right or wrong. If a pupil judges correctly every one 
; of the completions on a test item, it is assumed that he under- 
stands and he is given credit for the test item. All of the 
completions, however, must be correctly marked in order to 
receive credit for the test item. The following example will 
; illustrate the type of test item employed in the “Major Ideas 
Tests”: 
- “Fires are made 
: (a) by producing sufficient heat through friction to raise a 
material to its burning temperature...............+.. ( } 
Cy Oe ree MOOMOD vcs cesnebenandadsvcesosdnscessnanes ( ) 
, (c) by the use of certain chemicals which produce heat when 
i PD évcttt at cet eRe aiwie NAeN sehen es neameneee ( ) 
(d) whenever oxygen is brought in contact with a combus- 


SD CED . a5 aw cnn oka RPDS Rha awaken aa eat 
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These tests, by Pieper and Beauchamp, are objective, easy 
to seore, and have norms established that may be used as 
bases for comparison. The following uses are given by the 
authors in the manual of directions: (1) The tests may be 
1 the study of the 


used “as 6ne measure of accomplishment i 
Unit’; (2) The tests may be used “as a basis for diagnosis 
of deticiencies upon completion of the Unit”; (38) The tests 
may be used ‘tas a basis for diagnosis before beginning the 
study of a Unit”; (4) The tests may be used “as a retest for 
those pupils who attain unacceptable scores on the first form 
at the close of the Unit’; (5) The tests may be used “as a 
test for pupils who may have been absent when the first test 
was given”; (6) The tests may be used “as a basis for deter- 
mining local norms of accomplishment and using such norms 
for stimulating better work in succeeding classes.” 

In the judgment of the writer, these tests are a big step 
forward in that they are constructed to measure very definite 
objectives that have been previously set up, and that the 
“Major Ideas Tests” are constructed to measure the per 
formance of pupils and, as a result of such performance, we 
are able to infer understanding of important scientifie prin- 
ciples. The facts of science are now focused upon the under- 
standing of principles. The next step in our curriculum con- 
struction will probably be the focusing of principles in just 
as definite a manner upon typical life situations. 

One of the objectives for general science teaching that is 
often given is, “the development of the ability to use good 
methods of scientific thinking.” Few teachers have actually 
gone far in the analysis of what is involved in teaching good 
methods of scientific thinking. In the writer’s analyses of 
the questions found in textbooks and laboratory manuals in 
general science and in the laboratory manuals of high school 
chemistry,‘ very little evidence was found to indicate that 
textbook writers are at all conscious of what is involved in 
teaching good methods of scientific thinking. Scientific think- 
ing is found in almost all lists of aims for general science 
teaching but comparatively little has actually been done to 
accomplish that aim. 


7 Cunningham, Harry A., “Types of Thought Questions in General Science 
Text books and Laboratory Manuals,’’ General Science Quarterly, 9:91-95, 
January, 1925. 

Cunningham, Harry A., “Types of Thought Questions in Chemistry Lab- 
oratory Manuals,” Journal of Chemical Education, 2:167-170, March, 1925. 
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Dr. E. R. Downing has just completed a tentative draft of 
a test which is designed to measure the performance of pupils 
from which performance the ability to employ the various 
steps in scientific thinking and to throw the necessary safe 
guards around each step may be inferred. This test is not, 
strictly speaking, a test in general science. It is, however, a 
test that is designed to get at an ability which general science 
teachers unanimously claim to be endeavoring to develop. The 
next step in this direction will likely be (1) the focusing of 
subject matter of general science upon typical problematic 
situations of life and (2) the development of tests to deter 
mine the pupil’s ability to use good methods of scientific 
thinking in determining the proper activities in these typical 
life situations. The data that we have at hand indicates that 
it is entirely possible to teach good methods of scientific think 
ing. In this connection one would do well to read the very 
stimulating article by Dr. Downing in the March number of 
The Scientifie Monthly.® 

A very great number of specific abilities are needed in the 
study of general science. There is a very large field of oppor 
tunity for those who are interested in developing tests that 
will measure the performance of pupils from which one may 
infer the degree in which these various study abilities are 
present. Tests to measure both rate and comprehension in 
reading science material are needed. The Van Wagenen® 
Reading Seales are designed to measure ability in reading 
g neral science material. It is a test of comprehension. The 
data at hand indicate that these tests do “measure comprehen 
sion of scientific content printed in the English language when 
it is read silently . . . ” and that they “should not be used 
to measure effectiveness of instruction.’’'° 

Vocabulary tests in general science are important. Any of 
the present science subjects has a special vocabulary to be 
mastered. General Science texts present a longer list of tech- 
nical words than any other high-school subject." 

8 Downing, E. R., “The Elements and Safeguards of Scientific Thinking,” 
The Scientific Monthly,”’ 26:231-243, March, 1928. 

8 Van Wagenen, M. J., “Van Wagenen Reading Scales,” Public School 


Publishing Company, Bloomington, Tllinois. 
10 Broom, MM. Eustace, “A Study of the Van Wagenen Reading Scales, 
General Science,’ School Science and Mathematics, 28:849-851, Nov. 1928. 


11 Pressey, L. C., “The Determination of the Technical Vocabulary of 
School Subjects,’’ School and Society. 20:91-96, July, 1924. 
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It would seem worth while to give some thought to the 
development of devices to measure: (1) effectiveness in oral 
and written expression in general science; (2) The rate of 
working; (3) Attention in studying general science material ; 
(4) Number of reteachings necessary, ete. 

Finally, let us consider briefly the importance of devising 
means of determining the extent to which teachers of general 
science are acquainted with the available data bearing upon 
the problems of general science teaching. We need to know 
also if general science teachers are able to apply the data at 
hand in the solution of their teaching problems. It was with 
the idea of making a little start in this direction that Dr. 
Douglas Waples and the writer devised a preliminary test 
entitled, “Classroom Procedure Test in Natural Science.’’** 
To make up the test, “ten typical classroom situations were 
selected from various lists of problems reported directly by 
teachers of high-school science and also from problems con 
tained in professional literature on the teaching of science. 
The ten situations are described in separate paragraphs, each 
of which is followed by five possible ways of meeting the situa 
tion. The test consists in selecting that one of the five pro 
cedures that is best supported by experimental evidence and 
the one procedure most directly conflicting with such evi 
dence.” Two things were kept in mind in the final selection 
of the ten situations. On the one hand, situations were 
selected which represented activities that were found impor- 
tant and difficult in the “Commonwealth Fund, Teacher 
Training Study” conducted by Dr. W. W. Charters; and, on 
the other hand, situations were selected in connection with 
which there was some objective data available. At the bottom 
of each test, reference is made to the study or studies with 
reference to which the test is to be scored. 

It is very difficult to discuss tests in general science with- 
out reference to the need of first determining in a scientific 
manner the general science curriculum. Our first step must 
be a complete statement of the aims and outcomes of instruc- 
tion in general science. Our second step must be a scientific 
determination in the light of the objectives set up, of the course 
of study to be taught. Our third step may then very well be 


12 Cunningham, Harry A. and Waples, Douglas, ‘‘Classroom Procedure 
Test in Natural Science,’”’ The University of Chicago Press, Chicago, IIL. 
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a design of tests and seales to measure the outcomes of in 
struction. 

All will agree that the ultimate aim of general science 
teaching is to develop such abilities that will enable individuals 
to meet life situations successfully. The life situations with 
which teachers of general science are concerned are, of course, 
those situations that may be rationalized by an understanding 
of the principles of science. It is our business, then, to select 
from the large fields of human activities typical life situations 
upon which to focus our instruction. The objection wiil, of 
course, be raised that no two situations are exactly alike and 
therefore such a course is useless. It is true that no two situa- 
tions are exactly alike but it also true that the problematic 
life situations may be classified into types and good methods 
of handling each type can be worked out. When typical 
problematic life situations are found upon which the subject 
matter of general science may be focused, we shall need tests 
which will determine the ability of pupils to react properly 
to these situations. In case they do not react properly to the 
situations set up, we shall need tests to determine whether 
the improper activity, in connection with the situation, is due 
to (1) lack of skill in scientific thinking, (2) lack of under- 
standing of the principles of science involved, (3) lack of the 
skill needed to meet the situation successfully, or (4) lack of 
the proper ideals, or attitudes of mind, which are used as the 
final standards of conduct. When we come down to the specific 
classroom activities we find the pupil in need of various study 
abilities in order to carry on the classroom activities success 
fully. We need tests to help us determine the degree to 
which these various study abilities are possessed by the pupils. 

Finally, through this entire process, we find the teacher 
continually facing problematic situations upon which the avail- 
able scientific data must be focused. We must devise way 
and means of determining the extent to which teachers are 
acquainted with these scientific data and their ability to appls 
the findings of science to their teaching problems. 








What Price Laboratory Instruction in High School 
Science’ 
Ratepu K. Watkins 


University of Missouri 


indieate that 


Two recent developments have seemed t 
laboratory instruction in high sehool science might be at least 
largely curtailed, if not perhaps abandoned. \s a part of 
the modern movement for scientifie and measured examination 
yf our schools there has been an attempt at experimental evalu 
ation of teaching procedures. It happe ns that a whole group 
of these experiments have contrasted the r ative values of 
individual laboratory instruction and lecture-demonstration in 
high school sel nee, This series of experiments SCCTIIIS to show 
that lecture-demonstration technique secures better immediate 
results than individual laboratory instruction. The second 
development has heen the enormous increase in high schoo! 
enrollments and the ever mounting costs of public edueation. 
These increasing costs lead us to serutinize carefully any 
teaching procedure that is in itself expensive to conduct. 


A third condition might also lead us to examine carefully 


the values of laboratory instruction in science. This condi 


tion has to do with the exact nature of the laboratory instrue 


tion that we actually find in operation in our schools. <A 
careful serutiny of the process as it is now earried on might 
lead the critic to question the general desirability of the 
process. 

Much of the recent criticism of the science teaching in our 
high schools has resulted from the fact that the enrollment 
of pupils in the old established school sciences has failed to 


keep pace with the enormous increase in the high school in 


general. As a matter of fact if the period from 1890 to 1922 
is used, the percentage of enrollment in the older school sei 
ences has materially decreased. The new subject of general 


science is an exception to the rule in the general falling off 
of science enrollments. Science teachers, and edueators in 
general, have been concerned with this decrease because of 
its contrast with the enormous increase, in our generation, in 


1 Delivered at the in! il luncheon of the “All Science” section of the 
W isc Teac! Association, in Milwaukee, November 9, 1928 


onsin State 
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the use of scientific applications and the interest evidenced 
in out-of-school popular science agencies. A whole generation 
of boys and men have gone radio mad. Popular science maga 
zines and books have multiplied and been sold by the thou 
sand. While this has been happening out of school, the per 
centage of enrollment of pupils in high school physics has 
been decreasing by approximately 40%. 

Laboratory instruction was introduced into high school sci- 
ences in the period between 1882 and 1890. The percentage 
of enrollments in high school physies, chemistry, geology, 
physical geography, botany, zoology and physiology have 
steadily decreased since 1895.° Enrollments have fallen in 
chemistry from 10% in 1890 to 7% in 1915 and remained 
at 7% in 1922. Enrollments in physics dropped from 22% 
in 1890 to 14% in 1915 and 7% in 1922. In physical geog 
raphy the decrease has been from 24% in 1895 to 4% in 1922. 

The fact that the period of forty years of widespread develop 
ment of laboratory instruction has also been a period of appar- 
ent decline of interest in high school science may have no 
significance so far as causal relationship goes. It does present, 
however, a startling coincidence for the thoughtful science 
teacher. This coincidence becomes more spectacular when it 
is set side by side with another coincidence. The compensat 
ing inereases in science enrollments of the last ten or fifteen 
years have been in general science, in which very much less 
formal and stereotyped laboratory instruction of the older sort 
has been attempted. Perhaps the actual loss of school science 
training to a large percentage of several school generations is 
the price of the kind of laboratory instruction which we have 
fixed upon our high schools. 

This alarm about the status of natural sciences as school 
subjects has not set in motion the more immediate furore about 
laboratory instruction. This “viewing with alarm and con- 
cern” simply put science teachers in a more docile attitude 
when the attack came from another quarter. 

Our modern attempts to reduce factors of the educative 
process to quantitative and measurable terms led to the attempt 
to evaluate in terms of measured results some of the teaching 
procedures in common use. The science teachers as believers 





‘f. E. R. Downing, “Teaching Science in the Schools,’’ p, 29. 
*f. Downing, Op. cit. p. 25. 
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in experimental verification soon attempted to apply the new 
investigational technique to their own teaching problems. It 
happened that a whole series of experiments comparing the 
relative merits of lecture-demonstration and individual labora- 
tory instruction were carried on by different experimenters 
working in different parts of the country. 

A group of these experiments was conducted by graduate 
students of Professor E. R. Downing. To this group belongs 
the work of Anibal, Cooprider and Cunningham. Other 
experiments carried on independently of this group are those 
of Wiley, Kiebler and Woody and Carpenter. The experi- 
ments were carried on in several of the fields of high school 
science, physics, chemistry, biology and general science and 
in different schools. 

Any one of these experiments standing by itself presents 
relatively little cause for alarm to the proponents of laboratory 
instruction. Some are relatively crude judged by strict canons 
of scientific experiment. Class groups were in most cases 
small. The numbers in all except Carpenter’s study were too 
small to permit accurate statistical treatment. The actual dif 
ferences in data between the results of the two procedures 
are small. There is a question in most of the studies if the 
differences are larger than the probable error of the data. 

Professor Downing has, however, summarized eight of these 
studies and they all come out in-one way. Carpenter’s study, 
done since this summarization, confirms the general result. 
All of the investigations are slightly in favor of the lecture 
demonstration procedure when tmmediate tests were given. It 
is this unanimity of the series that supports the whole thesis. 

In six of the experiments, retention tests were given after 


intervals varying from two weeks to five months. Again the 
results were all the same. For retention, all the experiments 


favored individual laboratory instruction. But again, the dif 
ferences were small: although greater than the differences in 
favor of lecture-demonstration in the immediate tests.1 Note 
that none of these studies disprove the value of laboratory 
instruction and that none of the experimenters are willing to 
advoeate such abandonment on the streneth of these experi 
ments alone. 


Since the widespread publication of summaries of these 


4 Cf. Downing, op. cit. p. 122 ff 
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studies, and others, a cloud of doubt has befogged the science 
teachers traditional belief in the value of laboratory instruc- 
tion. Now, the taxpayers’ dollar enters as the villain in the 
piece. If any difference in favor of laboratory instruction is 
small, why should people be asked to pay rather enormously 
for such a difference? Laboratory instruction is expensive in 
many ways. With double periods a single teacher can handle 
fewer classes. Equipment, furniture and floor space are 
expensive. Laboratory classes are usually small and costs per 
pupil are therefore high. School administrators in a day of 
rising costs are ready to weleome data which point the way 
to the reduction of equipment and instructional costs. 

We are prone-to think of modern educational problems in 
terms of the large city high school. The majority of high 
schools are yet small high schools in village situations. This 
is particularly true in the Middle West. Mr. John Harty, 
from the Northeast district of Missouri, has gathered a bit of 
pertinent data which throws additional light upon the labora 
tory-lecture-demonstration controversy from the point of view 
of the small high school. 

Mr. Harty has gathered data from the high schools in th 
Northeast Teachers’ College District of Missouri to show how 
much equipment is actually available for doing adequate in 
dividual laboratory work, especially in physics. Here ar 
few of the things that he has found: 

1. Of 42 schools studied, 22 had no running water in science 
laboratories. 

2. Only seven had science laboratories equipped with 


ras. 


Nine had no source of electric current. 

!. Only four had physics equipment valued at more than $500. 

5. The value of laboratory furniture for physics ran from $32 
to $570. 

6. Amounts spent for new apparatus in twelve months varied from 
0 to $520. 

7. Fourteen schools spent $50 or less, twenty-eight $100 or less for 
new equipment. 

8. Many schools were not equipped at all to perform one-fourth 
of standard experiments in physics. 

If the facts discussed up to this point were the only ones 
involved it would seem common sense to recommend to teachers 
situated like those in Northeast Missouri that they invest their 
available funds in truly adequate demonstration equipment 
rather than to spread them thinly over inadequate laboratory 
equipment. 

The whole story is not, however, so simple. It is very 
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probable that the experimenters so far have not been able to 
measure the more valuable outcomes of laboratory instruction. 
A number of critics of the available experiments have pointed 
this out. If the outcomes for pupils are of sufficient value, 
the added expense to secure these outcomes may always be 
justified. Just how valuable the laboratory experience as a 
whole may be we do not yet know. At least we do not know 
how valuable this experience could be made in terms of «s yet 
unmeasured outcomes. 

It is quite certain that the experimenters in evaluation of 
laboratory instruction have not paused to describe in any great 
detail the kind of laboratory instruction considered. Any 
critical evaluation of laboratory instruction must consider the 
nature of the laboratory work and the kind of product which 
it is assumed to produce. Just what do we expect laboratory 
instruction to accomplish ? 

Here are six or seven possibilities which may be suggested 
as general purposes for laboratory instruction in high school 
science: 

1. The development of simple laboratory techniques, such as weigh- 


ing, glass bending, microscopic manipulation, ete. 

2. Proving and establishing for the pupil himself principles which 
have long since been well established and generally accepted. 

3. Using the laboratory as an instrument for object or “thing” 
teaching according to the historical concepts of Pestalozzi, Com- 
menius and Basedow. 

1. Using the laboratory for the purpose of developing better 
understanding and interpretations of the principles of science, a 
means of better illustration. 

5. To produce training in scientific method. 

6. As a means of possible training in the experimental solution 
of the pupil’s own problems. 

7. The use of the laboratory as a workshop for the study of 
science problems which arise in the science class or in the life of the 
pupils. 

Suppose that we consider for a moment the pros and cons 
of these purposes for laboratory instruction. It is doubtful 
if the majority of science teachers are conscious of any of 
them as they carry on the work in their laboratories from 
day to day. It is doubtful if we are adequately reaching any 
of them in most high school science laboratories as they are 
now conducted. 

[f the simpler types of laboratory techniques to be used 
in later high school or college science courses are to be the 
major aims of laboratory instruction then it would seem 
feasible to have much simpler laboratories with very much less 
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technical apparatus and less time-consuming schedules. More 
direct drill could be given in the processes of handling and 
manipulating materials and somewhat less upon scientific data 
and proof. Tests would need to be constructed to measure 
such techniques in order to determine the results of the work. 
Present studies other than a very suggestive one of Mr. H. H. 
Webb indicate nothing of what might happen. 

Suppose that the major purpose of the high school labora 
tory is that of proving principles to the pupil’s own satisfac 
tion, objectification and illustration. It would seem on the 
face of the matter that a skilled demonstrator and illustrator, 
the science teacher, with satisfactory apparatus and diagra- 
matie aids could do better than a very inexperienced illustra- 
tor, with poor apparatus and little or no skill, could do for 
himself. It would not seem to require ten years of experi 
ment with educational methods to demonstrate this. This is 
what the series of available experiments do prove if they prove 
anything. Mr. Harty’s picture of the apparatus available 
further substantiates this notion. 

Present day psychology would indicate that there are scien 
tific methods rather than a scientific method. The position 
could readily be defended that in all probabilities training in 
scientific methods is to be attained by the whole complex of 
the pupil’s science training, rather than that part of it repre 
sented by the school laboratory. A case might also be made 
that any training in scientific method is impossible by the type 
of laboratory instruction prevalent in some of our schools. The 
pupil reads the statement of a principle in his text together 
with an illustrative experiment, and its accompanying data 
and conelusions. He goes into the laboratory with a manual 
which tells him what he is to find out and furnishes cook-book 
directions for each step in detail. He works with relatively 
erude apparatus to arrive at a conclusion or a set of data 
previously determined by a specialist with very refined appara 
tus. His own data misses the data given in the text or manual 
and he juggles his data to arrive at the data he knows he 
should have. And this is training in scientific method! What 
price laboratory instruction, indeed! If there is a lurking 
suspicion that such laboratories may produce training in scien- 
tifie methods we must follow F. D. Curtis’ lead and attempt 
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to produce tests that will measure such results, in terms of 
scientifie attitudes and methods. 

There remain of our proposed purposes the possible use 
of the school laboratory as a means of training high school 
pupils in the « xperimental solution of their own séienece prob 
lems and the use of the laboratory as a workshop for solving 


science classes. his would 


the problems that develop 7 
scem to be the most promising of possibilities for laboratory 
instruction at the high school level. It is the very essence 
of the original reason for the existence of any laboratories 
at all, from that of the alchemist seeking to transmute base 
metals into old to the modern research investigator seeking 
to split the atom, or even the lad in a eorner of the basement 
trying to determine the effect of a new type of radio coil. In 
schools this type of laboratory is illustrated by some of the 
more advaneed general science laboratories. Rarely have 
chemistry, physics or biology laboratories in senior high 
schools reached this stage. Just what the product of such 
laboratories would be in terms of outeomes for pupils we can 
conjecture, 

In laboratories after this latter pattern trite illustrations 
or proofs of accepted theories and principles merely as labora 
tory busy work would be barred. Supplies would inelude 
much raw material. Some apparatus would be of the home 
made pupil-constructed type. Little apparatus of the delicate 


and expensive kind would be provided except that needed for 


the teacher’s demonstration work. Much use would be made 
of the apparatus in common use in the commercial world out- 
side the school. The household fas and electrie meters would 
find a place. So would such things as real telephones and 


radio, fire extinguishers and cameras. Use would be made of 
materials available in the community and in the homes of 
pupils. 

In this laboratory, pupils would be in the main concerned 
with questions of application of principles rather than with 
the re-establishment of well known laws and principles. These 
established principles and facts would be accepted upon the 
basis of customary authorities and proofs as set forth and 
illustrated by the text, lecture demonstration, moving picture, 
everyday observation and so on. Problems of application 


which are acute in every community, in every group, and for 
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every individual, would be brought into the classroom, library 
and laboratory for solution. Such applications exist by the 
thousand for every established fact or principle. 

Two illustrations of this will serve. It is well known that 
certain plants do not thrive in acid soil. The facts can be 
found in almost any good book on gardening. They may also 
he experimentally demonstrated by a elever teacher with quite 
simple apparatus. As a matter of fact pictures of plants with 
the different treatments might readily serve the purpose. The 
facts may be accepted and used. Suppose that I want to grow 
the plants in question in my garden. Will they do well in 
this particular plot? Is the soil sour? Of the materials actu- 
ally available in my community which offer the best means 
of treatment? I do not know the answers to these questions, 
the teacher does not know, the author of the text does not 
know. I must attack the problem experimentally. 

The general principles of good ventilation for households 
are known. ‘These can be found in many texts. Good diagra 
matie illustrations abound. The particular physical laws ean 
be demonstrated by relatively simple apparatus. I ean learn, 
understand and readily accept these. But, | have a house with 


a particular furnace, located with reference to the plan of this 


peculiar house. It has so many windows and doors located 
according to its plan. It has particular shortcomings in pro 
vision for proper humidity. How can I plan a good scheme 
of ventilation for this house. T must apply my principles to 


this peculiar case. No one knows the result before this appli 
cation is made. Parts of the proposed scheme require experi 
mental proof before their suecess can be foretold. The whole 
requires a composite study of which experimental laboratory 
work might be a definite part and for these parts T could not 
crib any data which would sutflice. 

Would the laboratory described be worth while? Who 
knows? Such laboratories would need to be set up in schools. 
Their possible outcomes for pupils would need to be predicted. 
Tests to measure such outcomes would need to be set up and 
applied. 

What price laboratory instruction? The price of laboratory 
instruction for the future lies in a careful serutiny of the 
purposes of the school laboratory, the description and setting 
up of laboratories to fit the best of such purposes, and finally 
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the devising of tests to measure the true product in terms 
of the.effects upon boys and girls. Only by such price may 
we justify the time, money, and possible waste. We should 
have laboratories not because our fathers have had them but 
because we can demonstrate that a particular type of labora- 
tory can furnish definite and worth-while training to the boys 
and girls of the scientific today and tomorrow. 
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A Unit for Junior High School Science: Carpet 
Sweepers and Vacuum Cleaners 


‘ 


Exuis C. Prrsine 


School of Education, Western Reserve University 


Tus unit has been prepared to help teachers and pupils 
make use of devices in the home in connection with the regu 
lar school work. A vacuum cleaner should be available in the 
classroom for this lesson. Pupils are usually willing to bring 
devices from home if a vacuum cleaner is not a part of the 
laboratory equipment. 

We are all interested in devices which help to make our 
work easier. The vacuum cleaner is one of the devices which 
has done much to reduce the drudgery in connection with 
cleaning our homes and it has made it possible to do the work 


better than it could be done with the broom or carpet sweeper. 
CARPET SWEEPERS 


The carpet sweeper came into use about 1880 and is still 
used in many homes to clean up odd spots on the carpets and 
rugs. It can be used to take bits of dirt from the surface 
of the rug, but it cannot remove much of the dust. 

If you happen to have one of these carpet sweepers in your 
home you should examine it to see how it works. You will 
find it is necessary to move the sweeper back and forth in 
order to make it take up the dirt. Inside the case are brushes 
or brooms which are caused to rotate by the wheels. 

Examine the wheels to see how they are connected to the 
brushes. What becomes of the dirt after it has been taken 
from the floor ? 

This type of cleaner you can readily see is an improvement 
over the broom. 

What principles of science have been applied to make this 
kind of sweeper? Examine it for levers, pulleys and other 
devices. On a plain sheet of paper draw a vertical line in 
the middle of the page. In one column write the advantages 
of the carpet sweeper and in the other column the disad 
Vantages., 

For example, some people like it because it may be a little 


less trouble to use for cleaning a few crumbs or a little dirt 


from the rug. 
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In the list of disadvantages we might include the fact that 
it is ditticult to clean in the corners with a carpel sweeper. 

Try the carpet sweeper then complete your lists. 

REFERENCES. 

Osborne, F. A., Physics of the Home; University Book Store, Uni- 
versity of Washington, Seattle, 1925, p. 65. 

Whitman, Walter G., Household Physics; John Wiley & Sons, 1924, 
p. 343. 

VacuuM CLEANERS AND SWEEPERS 

Do you know the difference between a cleaner and a sweeper ¢ 
The term sweeper is usually used for the machines which are 
operated by hand and the smaller electrically operated devices. 
\ vacuum cleaner is a machine with 
a high vacuum and with enough 
power to really remove the dirt from 
the rugs. 

Let us examine a cleaner to see 
how it is operated. A common type 
of vaecnum cleaner is shown in the 
illustration. With this diagram and 
a machine in the classroom, you 


should be able to see how it works. 
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If you are not familiar with the meaning of air pressure 
you should turn to your general science textbook for help. 

Place some bits of paper on the rug, start the motor and 
hold the cleaner over them. What happens? Can you explain ? 

In the illustration you ean see the heavy line which indi 
cates the direction of the air when the sweeper is operated. 

When the fan is rotated rapidly it forces air into the bag 
and reduces the pressure in the cleaner near the floor. This 
gives us the name since a partial vacuum is produced. 

The air pressure about the cleaner forees the dirt into the 
space with lower air pressure and on into the bag. The air 
eoes on through the bae and the dirt remains. 

Suggest a demonstration to illustrate the vacuum principle. 
This will not be dittieult to do if you have an air pump in the 
classroom. <A simple type of apparatus is shown in reference 
No. 1. ). 544. 

The power of vacuum is shown by the experiment of Otto 
von Guericke in reference No. 2, Volume 4, p. 1245. 

A test which shows the degree of vacuum can be made in 
your laboratory. Place a one-hole stopper in the entrance of 
the machine and connect to a manometer. Operate the cleaner 
and note the reading of the manometer. Reference No. 1, 
p. 344, will show you how to set up the apparatus. 

With the large number of different makes on the market it 
will be helpful to make efficiency tests. These tests are 
described in reference No. 1, pp. 346-47. 

Read the booklet on how to operate and eare for a cleaner. 
Then make up a list of things to do in order to care for the 
machine properly. 

Examine the attachments and learn their use. Connect 
them to the cleaner and try them. 

In one column write the disadvantages of the vacuum cleaner 
and in another make a list of the advantages of using it. 

In another lesson we may study the motor and the simple 


machines applied in this cleaner. 
REFERENCES. 
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2. The Book of Knowledge, The Grolier Society. 
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4. Allen, Edith, Wechanical Devices in the Home; The Manual Arts 
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The Growth of General Science in Boston 
Franoes G. Keyes 

Washington Allston School, Editor of General Science News 

Boston Publie Schools 


Iv is a long way from “Darius Green and His Flying Ma- 
chine’ to the well deve loped Aviation Enterprise of today. 

It is a long way from the candles, the pans, bottles and 
sundry dishes which formerly comprised the scientifie outfit 
for the teaching of General Seience, to the well equipped scl 
nee class room with complete science outfit boxes of today; 


yet, the “Flying Machine of Darius Green” was but a fai 


tasy: the Science Outtit boxes, but a dream. Fantasies become 
realities; dreams come true! But how! The absorbing power 
of a prescribed pabulum, usually tested by a written examina 
tion is not measurable by the same standards as is originality 
of thought. To be able to reproduce the words of others, or 
to shuffle mathematical symbols rapidly, may be creditable, but 
it is not to be compared with the power of originating ideas 
or devising new solutions of problems. 

General Science has been taught as a subject in the Boston 
Schools for about fifteen years. In 1925, however, a new 
course of study was introduced. The new course of study con- 
sisted of fourteen pamphlets, each representing a teaching unit 
that had been tried out in actual practice and had proved 
successful. These pamphlets were the result of the work of 
twenty-four teachers, representing the High, Intermediate, 
and Elementary Schools with Mr. Joseph R. Lunt, Chairman. 

When this new course of study was introduced it found the 
schools unprepared in equipment and without trained teachers 
for this subject. It was soon recognized that if science was to 
have a definite place in the course of study, proper equipment 
and materials must be provided and teachers trained to teach 
General Science. The child was the center of the educational 
storm. The realization that the child could not be fully pre 
pared in these days unless he had some training in the type 
of science that surrounded him in his daily life, added stimu 
lus to the work to be accomplished. 

Through the cooperation of the Science Council and of the 
Schoolhouse Commission, each school was equipped with the 
8v 
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following:—science room, including table, gas, water, elec- 
tricity and sufficient material — a minimum supply. 
Realizing that the mastery of problems comes through effort 
the teachers of General Science, energetic, forward looking, 
sympathetic with the capacities and needs of the pupils, exper 
imented, devised, originated, and exchanged ideas, especially 
in the courses in General Science to discover a better method 
of teaching 


In 1925 the Experimental Outfits or Units for General Sei 


the subject. 


mee were evolved. These outfits or units have proved most 
constructive in furthering the efficiency and effectiveness of 
science teaching in the Intermediate Schools. The units con 
sist of cabinets or boxes that contain compl te science equip 
ment for demonstrating, together with pamphlets describing 


suitable experiments to be performed. 


Lisr or Units ror GENERAL SCIENCE CouRsE, 
Ciry O] Boston. FOR SEVI NTH, kiagutn, AND 
Nintu GRapEs 


ln Bax pe remental Course of Standard Units with ¢ om plete 
Equipment, Charts, and Special Apparatus 


1. Air and Oxygen Outfit. 
2. Carbon Dioxide Outfit. 
3 Breathing and Ventilation Outfit 
4. Fuel and Fire Kindling Outfit. 
5. Draft Control and Combustion Outfit. 
6. Fire Prevention and Fire Extinguisher Outfit. 
7. Heat Expansion and Conduction Outfit. 
8. Convection and Radiation Outfit. 
9. Hydrogen and Composition of Water Outfit. 
10. Tee and Ice Water Outfit. 
11. Steam and Boiling Water Outfit. 
12. Density and Water Pressure Outfit. 
13. Purification and Water Supply Outfit. 
i4. Temperature, Air Pressure, and Humidity Outfit. 
15. .Winds and Weather Observation Ontfit. 
16 Food, Diet. and Digestion Out% 
17. Photosynthesis and Leaf Study Outfit. 
18. Soil and Seed Germination Outfit. 
19. Yeast and Molds Outfit. 
20. Bacteria Outfit. 
21. Planet and Solar System Outfit 
22. Constellation and Star Study Outfit. 
Light, Spectrum Study, and Color Outfit. 
°4. Magnets and Magnetism Outfit. 
25. Bells and Bell-wiring Outfit. 
26. Cells, Storage Battery, and Electroplating Outfit. 
27. Current Measurement and Control Outfit. 
28. Electric Motor and Power Outfit. 
Electric Transformer Outfit. 


Generator and 
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30. Electric Light and Heat Outfit. 

31. Sound and Telephone Outfit. 

32. Radio Crystal Receiver Outfit. 

33. Radio Tuning Outfit. 

34. Radio Vacuum-Tube Receiver Outfit. 
35. Simple Machines Outfit. 

36. Illuminating Gas Outfit. 

7. Camera and Photography Outfit. 

38. Textile Study and Clothing Ontfit. 

39. Light Measurement and Control Outfit 

10. Flower Study and Pollination Outfit. 

These cabinets or units circulate in the schools under Mr. 
Lunt’s direction. The cabinet, itself, has been perfected so 
that it is of a uniform, correct size, easily handled and durable. 

The effect of these “magie boxes” on the pupils is that it 
arouses a real interest. I recently presented one of them in 
the following way. I placed the cabinet, closed, on the demon- 
stration table and I ealled the attention of the pupils to the 
label on the box, it read “Magnets and Magnetism.” We 
opened the cover to investigate: A holder on the inside of 
the cover contained the printed pamphlet giving the follow- 
ine’ outline: 


MAGNETS AND MAGNETISM OUTFIT 


1. Study of a natural magnet. 

2. Do magnets attract all materials? 

3. To locate the poles of a magnet. 

4. Does magnetism act through all materials? 
5. To discover the laws of magnets. 

6 How to make a steel magnet. 


z 


How to show the lines of force about magnets. 

8. How a compass tells direction. 

9. What is magnetism? 

10. Is the earth a huge magnet? 

11. To study magnetic field around a wire. 

12. How to make an electromagnet. 

13. How to increase the strength of an electromagnet. 


Neatly packed inside the box we found the following materi- 


als and apparatus. 

1 lodestone 1 set 4 in. square to test mag- 
1 pkg. iron filings netism: glass, wood, cardboard, 
1 box carpet tacks bakelite, iron, copper, brass, 
2 large bar magnets lead, zine. 

1 horseshoe magnet 1 Black’s magnet holder 

1 box articles to test magnetism: 6 steel strips 


box pen points 

dry cells 

wire stirrups 

spool thread 

pks. darning needles 
test tubes 

cork stoppers 


pieces of iron, steel, nickel, 
brass, glass, copper, lead, zine, 
aluminum, paper, wood, rubber. 
2 Ibs. insulated copper wire 
1 square cardboard, 10 in. square 
1 tea strainer 
1 alcohol lamp 
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1 cake tin 1 magnetic needle on stand 
2 Ibs. paraffin 1 pair pliers 

1 hammer 1 push-button, mounted 

1 steel rod 18 in. long 1 helix stand 


1 set iron weights 6 large iron spikes 

The first paragraph of the pamphlet read as follows: 

Magnetism is an important study, essential to an under 
standing of electricity. Magnetism produces electricity. Elee 
tricity produces magnetism. The two are inseparable. The 
compass needle is a magnet. The operation of electric bells, 
the telegraph, telephone receiver, loud speaker, electric motor, 
and dynamo depend upon magnetism. Electricity is generated 
in central power stations by powerful revolving electromagnets. 
Without magnetism we would be deprived of the convenience 
and comforts of electricity in our home. 

Inside the box were mysterious looking packages. We 
opened each. We discussed in general the outline. We placed 
the packages in the box, closed the cover. This introductory 
lesson was a stimulus. Every lesson in the unit that followed 
was interesting, convincing, and had direct appeal to the boys 
and girls. 

Some of the advantages of these boxes may be summarized 
as follows: 


1. It saves time for the teacher. 
2. The equipment is adequate and complete. 

3. It makes for economy. Fewer pieces of apparatus are lost or 
broken, 

4. The boxes keep the equipment clean and sanitary. 

5. It makes possible a more flexible program. 

6. It simplifies the taking of inventories and the ordering « 
new materials. 
7. It eliminates unwise expenditure for unnecessary or useless 
equipment. 

8. It provides for expansion and development, as new outfits 
may be added as occasion requires. 

9. It encourages many teachers to undertake the teaching of 
science from the experimental standpoint. 

10. It stimulates and holds the interest of the pupils. 


General Science has won for itself a prominent place in the 
curriculum of the Boston Schools, due in large measure to 
the improved equipment and method made possible by the 
introduction of the “magic boxes.” A few years ago these 
like the “Flying Machine” of Darius Green were but dreams, 
but dreams do come true. In this case “Right Science Train- 
ing” was the keynote, with the interest of the child as an 
added incentive, all of which has resulted in establishing 
higher ideals in the teaching of General Science. 








Wonderlands of Tomorrow’ 
Henry D. Iusparp 


Wer have plenty of roads to Yesterday. We read of it in 
the morning paper and the morning mail; we study it in school 
and office; we view it on the stage and screen. We become 
vesterday-minded as we sit on the observation car of the world 
looking backward. Yesterday is the path our fathers trod, 
strewn with memories of achievement. 

But what of Tomorrow? ‘Tomorrow is the port toward 
which good ship “Earth” is sailing, the most fascinating port 
for which any traveller ever set sail. What do we know of 
Tomorrow? That it is a city of dreams! We are all building 
it, in Dreamland. Let us not underestimate Tomorrow. Sci- 
ence cancels the word “impossible” and with Bergson we begin 
to realize that nature is infinitely plastic, free to be shaped 
by a vision as clay in the hand of the potter. 

Science predicts. That is its mission. Otherwise it cannot 
serve the world. Inventors predict. Their vision and skill 
are Tomorrow in the making. We all work for Tomorrow in 
all we do. A million things scienee predicts sunspots, 
eclipses, tides, weather. But this is from knowledge. The 
dream has then just begun. Poet, prophet, dreamer, all dream 
the impossible, desirable thing, and after learned men show 
how impossible it is, the way opens to do it. Truer it is to 
say “All things are possible.” 

The stories of Jules Verne are being moved from the fiction 
to the science shelf in some of our libraries. Dreams become 
realities. His books should be printed in English to teach 
us vision and the delight in the dream. How many of Jules 
Verne’s one hundred books have you read? Yet myth and 
magic and fiction are outstripped daily in the laboratory and 
factory. In our few minutes together we can glance at a few 
headlines, not because they are wonderful but because they are 
profoundly significant for the future of the race. 


I venture to say that no scholar knows a thousandth part 
1 A talk given by Dr. Hubbard (Assistant to the Director of the Bureau 


of Standards) at a banquet of th Society of Motion Picture Engineers. 


e 
Reprinted from ‘Vals World,” of January, 1928, by courtesy of Crane 


Company. 
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of modern discoveries or what they hold for tomorrow. Not 

only the stars are distant; but achievements all around us are 

a sealed book to most people, written in a foreign tongue—the 

mathematical equation, the chemical formula, the graphic 

curve. Yet science belongs to all the people. It is a racial 

heritage and its possibilities for tomorrow are without limit. 
Automatic Machines 


Today we have assurance that the automatic machine can 
do anything. We endow the automatic machines with creative 
power. Through them age-old crafts made perfect become 
immertal. Even power plants become automatic. The first 
automatic power-plant is in operation on the Peshtigo River 
in Wiseonsin. Others are now at work cutting operating ex 
penses down one half. The automatic power machine frees 
the human mind from repeat work. For a cent or two the 
machine gives us the equivalent of a man working a day. The 
human mind can turn to creating new things, the automatic 
machine to making them. 

Fed with streams of material and power the factory pours 
forth streams of glorified things all surcharged with utility or 
delight. The factory is liberator. It manufactures emanci- 
pations. To it we send our tasks. It stands ready to absorb 
them all. Today we have the automatic machine. Tomorrow 
we shall have the automatic factory. 

The factory speaks the language of creation; tools are its 
alphabet, machines its vocabulary, civilization its epic. To- 
day we build the factory. Tomorrow the factory will make 
the world the paradise of our dreams. 

What shall we all do then? I think we shall all do as 
Nietzsche said, think of nothing but education—the learning 
and telling, and enjoying both to the fullest of our capacity. 
Each of us will choose to do the thing we love best, with 
leisure, facility, opportunity to do it supremely well. 

Synthetics 


Illimitable vistas open up everywhere, notably in physics 
and chemistry. In comparison Alladin and Verne are tame 
today. The creation of new groups of atoms means a new 
era in human progress based upon the chemist’s power to pro- 
duce at will forms of matter and energy having any desired 


properties. The scepter of the material universe is being 
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handed to the scientist in the form of the data and technique 
horn in the laboratory. 

The chemist has created many thousands of new molecules, 
each unique in beh ivior and powers ; like thein, which gently 
stimulates without intoxication; adrenalin, which duplicates 


nature’s control of heart and lungs; like the complex iodine 


group, Which controls body growth; atom arrangements, which 
reproduce the sweetness of sugar, the perfume of Howers, the 
eolor of the ir petals, the power to he al disease, to stir the heart 
to action, to relieve pain, or put the body into sound sleep. 
No written romance compares for thrilling interest with the 
story of chemistry in the service of man—a service which has 


just begun. 
Farming and Food 


Is it too early to experiment on large-scale indoor farming ¢ 
A Belgian expert says it is time to turn farming over to the 
factory. Here every ineh of soil eould be sifted, made correct 
in texture and composition, freed of pests or injurious mate 
rial. The air would be strained free of pests and kept at opti 
mum temperature and humidity for finest quality of crop and 
greatest yield. No storm, drought, or frost could injure. 
Every crop would be a bonanza with never a failure. Radia 


tion would be of the best quality ascertained by research, even 


the leneth oO the shining day could be controlled. Fuel for 
heat, light, and power could be grown in this factory which 
would be a self-contained unit. Automatic machines would 


plant, cultivate, and harvest many crops a year. Future Bur 


banks would improve the stock by scientific seed selection, 
and by crossing, breed new varieties. Is not the experiment 
worth trying?’ We make great nurseries for plants, great 
factories for other products. Why not glass roofed units 
where the farm becomes an automatic factory, vastly increas 
ing the yield, and with human labor completely eliminated 
except in supervision ¢ 
Vanufacturing Food 


Jacques Loeb once said that food may be made in the labora- 
tory of the future, then in the factory, when we master the 
synthetic chemistry of food molecules. Now comes the word 
from France and from England that in the test tube at least 
the chemist has produced starch and sugar directly from the 
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air by the synthesis of moisture, carbon dioxide, and ultra 
iolet light of suitable wave length — Berthelot in France, 
Baly in England. Not yet in the factory, but some day, when 
the factory and farm become one, power-driven, continuous, 
starches and sugars may pour forth from the factory to feed 
the world. Man has solved the nitrate problem. Can he not 
assure the food supply of the world by placing it among stapk 
factory products freed from the vicissitudes which beset the 
outdoor farmer? The way has been blazed and the pioneer 
suecesses give the promise of full suecess if faith and effort 


do not falter. 
Climate 


At your 1916 and 1921 meetings, I suggested to you the 
complete control of air conditions within the theater as a sub 
ject worthy your interest. It is technically possible today to 
reproduce indoors the famous climates of the world, or pro 
duce any conceivable climate. The production of climatic 
suggestion appropriate to the action of the film story may give 
us a new art. Why not climate anywhere. We have cold rooms 
for food, hot houses for plants, moist mills for cotton spinning, 
high pressure air for bridge building, low pressure rooms fo1 
motor tests. The air for our carbureter must pass through 
an air cleaner. We deodorize the air with ozone, cheer the 
sick with light and fragranee, and much more we do, bit by 


set down in 


bit. The full vision of complete control must be 
our every day thought and work its way to realization. Whi 
not bring the best climates of the world into our living rooms 
and keep them there ? No more the depressing heat, or the 
benumbing cold, the chill wetness, or worse, the hot and 
humid days or nights. Eventually we must control every item 
of indoor weather every hour and every day by automatic 
machines, of course, simplified but effective. Research begins 
to disclose the many far-reaching results we may expect with 
ideal climate indoors for rest, work, or recreation. No greater 
factor in perfect health, working efficiency, and bodily com 
fort can be named than the complete control of indoor climate. 
Aviation 


Aviation came from the birds, actually from buzzards soar- 
ing over our national capital as photographed by Langley. We 
have left birds far behind in a quarter of a century. The 
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rpass us tor speed and facile control. 
The ineredible speed of the muscoid bot of the cephene mya 
in a scientific 
Townsend at 815 miles an hour is three times faster than the 
At such speed it could fly from Washing 
uur hours. The high speed motion 
ill enable us to study the full secret 
like speed of this astounding fly. 

un the serious motion picture sti 
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instantly at destination. No mail-bags, no sorting, no long 
trips overland! Swift as light, wired wireless or direct radio 
can produce at destination an autographie duplicate of a let 
ter filed at the post office at Washington. Tomorrow, doubt 
less, radio post will deliver the world’s correspondence in 
stantly. 

The world is alive with vision of the future of radio. The 
dream has awakened. Do you realize, however, that your own 
fellow member, the founder of this Society, is the man who 
not only had the vision, but the daring to attempt to unite 
the two most popular subjects, radio and motion pictures? 
With other public officials, I have seen his Dutch windmill 
running in Anacostia, shown on the sereen in his laboratory 
near Dupont Cirele. I am sure he will live to see radio vision 
a successful achievement. 

May we ever hope for interplanetary transportation’ The 
scientifically designed Goddard rocket answers “Yes, for ex 
port at least.” The force of a series of rear-ward explosions 
drive the Goddard rocket at speeds which make it possible to 
leave the earth entirely. We may explore and study the upper 
atmosphere at first. Later we may shoot a Goddard rocket 
around the moon. We leave to the writers of fiction the sug 
gestion that the rocket might contain a motion-picture camera 
set to operate as it passed around the daylight side of the 
moon. The return trip has already been described by Jules 
Verne in “Around the Moon.” Let no one say that inter- 
planetary communication is impossible. While radio as we 
know it does not pass through the upper atmosphere, perhaps 
the Martians are bombarding us with cosmie rays which 
readily penetrate not only the air but could pass through 
six feet of lead. Perhaps they think we are not yet sufficiently 
advanced in science to understand them, or perhaps they have 
given up the attempt as hopeless. Certainly the dreams of 
interplanetary communication may in time to come be real- 
ized as so many visionary projects of the past have today 
become realities. 

Music 

In the orthophone, music reaches a climax of mechaniza- 
tion for a single wavy line can portray a symphony concert, 
and a needle in a groove can reproduce that symphony. The 


vibraphone and saxophone give new types of tone qualities. 
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There are no outeasts in modern music. Jazz has removed 
all limits. Any tone is weleome or tolerated, the more so if 
bizarre or fantastic. 

Science can produce all possible tone qualities without limit. 
Such is a supreme possibility now in sight,—an ultimate 
musical device producing any tone quality of existing instru- 
ments or of any possible instrument, and speech and song 
as well. Briefly, Fourier’s mathematics, and electron tubes 
give us the means. Suitably paired these can be made to pro- 
duce a harmonic series of beat tones, varied in pitch as the 
natural number sequence, 1, 2, 3, 4, and so on. Sounding 
together in due proportion these could produce all possible 
variations of wave form,—that is, every sound quality physi- 
cally possible. The musical world would have for the first 
time a limitless range of tone qualities, including speech and 
song, in the form of radio waves ready to be amplified, broad- 
cast, and reproduced with any intensity anywhere. 


Immortal Youth 


The Rockefeller Medical Institute has begun to master the 
technique of prolonging life indefinitely. For fourteen years 
a part of a chicken’s heart has been kept alive, growing, and 
doubling its size every two days. We were shown recently 
the accelerated motion pictures of the growth of this tissue. 
The cells pushed out over the screen, jostling to find place, 
like a crowd gathering to view some great event. We were 
witnessing the growth of a living thing apart from its body. 
To prolong indefinitely the life of the heart of this chick is 
a first step in doing the same for the entire chick, then for 
higher organisms, perhaps eventually for man. 

To perfect and keep youthful the human body by every 
resource science can reveal is man’s supreme enterprise. To 
extend that life indefinitely an age-old dream is now a 
fascinating dream of present-day science. As Loeb told us, 
it is simply a matter of mastering laboratory technique 
through research, a marvelous example of which we saw on 
the screen. 


A Last Word 


My survey has touched a few topics. I have not spoken 
of motion pictures. For three days your minds have been 
filled with this most popular subject. In my talk at your 
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1921 meeting on “The Motion Picture of Tomorrow” I ex 
pressed my ideals for the year 1950 (or as much sooner as 
you choose). That talk still stands for my faith in the future 
of your art. 

May | bespeak the omnipotence of the dream, the creative 
power of your vision, its importance as a subject for the mo 
tion pictures of tomorrow ¢ 

May it be for all of you a channel through which you may 
do for your children what your fathers have done for you; 
enrich the heritage. The dream made America great. It has 
ereated our modern science and life. It has scarcely begun 
to do for us what it can so easily do. Be proud of your dream. 
It is your intelligence in its highest flower. It is the instine 
tive foresight in every man. It is your best service to the 
world: 

For the dreamer lives forever 


While the toiler dies in a day. 





Variety, The Spice of Testing 
Hanor A. Wess 


George Peabody College for Teachers 
Editor, “Current Science” 


I. Tests, KNown anp UNKNOWN 


There have been certain persons—-so rumor hath it—who 
enjoyed taking the long “essay” tests of pre-Glenn-and-Powers 
days of science teaching. There have been many so expe 
rience confirms—who have received genuine pleasure in the 
marking, underlining, circling, X-ing, and checking of the 
intriguing “‘short-answer” tests. Both types of tests, however, 
possess a certain common characteristic that is not often men 
tioned in the meetings; each of them becomes exceedingly 
monotonous to students, particularly if administered rather 
frequently, with the prophylactic idea—the prevention, rather 
than the exposure of ignorance—uppermost. 

Not every instructor knows how to put variety into teaching, 
much less into testing. For a considerable number of years a 
question has been put to classes of adults—science teachers 
both actual and prospective—that would permit data to be 
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given on the relative popularity, or the familiarity, of the 
better-known types of short-answer tests. In round numbers 
the results have been about as follows: 

In a class of fifty 

50 knew the methods and principles of the “completion test”; 

50 understood the “true-false (or ‘yes-no’) test”; 

15 understood the “multiple-choice test”; 

30 understood the “range of information test”: 

10 understood the types of “matching tests” ; 

10 understood the “relationship tests” ; 

1 or 2 understood each of several other types of tests. 


The average conception of the short-answer test, therefore, 
was that a certain form, or a few forms, comprised the whole 
matter. The broader comprehension of the short-answer test 
is a method seemed to be lacking. If the new type of testing 
is a method, or a plan, then ingenuity may be turned loose to 
vive it many kinds of interesting forms; if the testing is itself 
a form, then a rigid adherence stifles the variety—and, by 
experience, the interest. We have witnessed real astonishment 
in the faces of some science teachers who had faithfully used 
three forms (you can guess which) of short-answer tests, when 
they were asked to invent a new form or two. They evidently 
felt that some super-intelligenee—if not Glenn or Powers, then 
probably Ruch—had set these three up for their worship. The 
idea that they themselves could beget a plan was as weird as 
the centenarian Abraham was constrained to entertain; their 


protests were as earnest as those of Sarah. 
II. A Dozen Types ro Brain Witrn 


1. The Completion Test. This is too familiar to need ex- 
tended illustration. Suppose the study topic be “Planets,” the 
questions might begin thus: 

(a) The farthest planet from the sun is ............ 

2. The True-False Test. (Certain frank persons call these 
“les in cold print for children to study.”) This type is as 
familiar as truth and falsehood. Suppose the topic be “Sea- 
sons,” two questions might be as follows: 


(a) The Spring Equinox is September ist .......... fre Pee 
(b) Winter begins December 21st ..........ceeeeee. isaeeiads 


The “true-false”’ test may teach voung pupils one important 
lesson—that approximately half you see in print isn’t so. 
3. The Miltiple-Choice Test. (Gives the “ouesser” a good 


chance, unless vou know how to trick him out of it in the 























Variety THe Spice or TErstina 95 


grading,” remarks an “old head.”) The topic may be “New 
Textiles” ; the question in this form: 


(a) Celanese is (a breed of puppy) (a lustrous textile) (a Chinese 


food) 

1. The Range of Information Test. (“The ‘bluffer’s de 
light,” aeeordinge to one who admitted checking 80% of the 
words on all such lists, letting the grader worry about the 
score.) A test most productive of argument over definitions 

but here’s the form: 

(a) Check all words you understand or can define if (or is it 
unless) called upon: aileron, amphibian, bank, ceiling, drift, elevator, 
elider, fin, strut, taxi, paneake, loop, “give-her-the-gun.” (Notice to 
erader: mark all answers wrong unless they apply to airplanes.) 

This is really a good test, but will bear watching. 

5. Matching Tests. There are several kinds of tests using 
the matching principle. Most familiar is the matching of 
words and phrases, which, in the topic “Famous Scientists,” 
might be arranged thus: 

(a) Number the words of (13) to match the phrases of (A). 

(A) 1. Inventor of the telephone; 2. Author of “Sermons of a 
Chemist”; 3. Editor of “Science.” 
) ey Cattell: . Bell: ......Slosson 

Not essentially different is the matching of phrases; a test 
upon several topics at once is readily handled thus: 

(a) The sentences are divided in halves by semicolons; match the 
proper halves together 

(1) The ZRS-4 and the ZRS-5 are to be huge airships; they are 


smooth plains, 

(2) (Colors may now be transmitted by television; the analysis of 
carbon dioxide is one accurate method. 

(3) The “seas” upon the moon contain no water; they will each 
‘swallow” five airplanes. 

(4) Difficult housework may be measured chemically; a dise with 
three spirals is required. 


‘ 


6. Classification Tests. Some tests are primarily for use 
with small amounts of material; others are best employed with 
more comprehensive topics. More concisely—-some types of 
tests could be used daily, while others should come at least a 
month apart. An example of the first sort is the “completion 
test,” which, after all, could he eviven every few minutes dur 
ing a class period, if the teacher were running a high temper 
ature with the testing fever. The “classification tests” require 
a far ereater interval for their crops of knowledee to grow 


before harvest. 
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c 
The column form is usually convenient, and might start this 
way at the top of a page of tests: 


(a) Rewrite these lists, placing each word in the proper column: 
Words Related to 


airplanes radio foods clothing 
protein erid compass stability 
frequene extract potential fuselage 
celanese elvage adulterant mordant 
ete, ete ete. etc 
z Wisplaced Idea Test, ( Sometimes called ‘“hide-and 


seek test,” though some pupils and teachers hide facts in 
the telling without trying to do so.) There is really a subtle 
art in making one of these tests; it is not enough merely to 
scatter the ideas around. The sentences should make apparent 
sense. Only teachers with a delieate touch in testing should 
use this often; crude work will show. 


(a) The words in italics may be out of place, or they may not. 
Re-locate these word 


n their proper sentences, 


(1) A group of star in spiral form is called an ameba, 
(2) Approximately fire thousand stars are visible without a tele 
scope, 


(3) Luther Burbank was noted for blackboard drawing. 
(4) A galary changes its shape in salty water, 
(5) Elementary science students should practice botanical research, 


8. The ‘Follow-Your-Leader Test. This is based upon the 
method of certain “intelligence tests” that were used to deter- 
mine the degree to which a prospective soldier could obey 
orders. In our experience this is the type the young peopla 
attack most eagerly. There is fun in it somewhere. In mak 
ing it out, the teacher naturally works backward; this is a 
habit with some of us, anyhow. 


wee tie, ake buccens @ueeaes Bs asec Gissedse 

Here are six spaces. If Lindbergh flew to Honolulu, put “N” in 
pace 1; if he did not, put it in space 6, 

If ultra-violet waves can be seen, put “E” in space 2; if not, put 
it In space 1, 


If red “rainbow tubes” have helium in them, put “I” in space 3; 


if they are filled with air, do nothing. 

If an automobile has traveled 350 miles per hour, put “Y” in space 
2; if not, put it in space 4. 

If fried potatoes ar 


fairly digestible, put “O” in space 5; if not, 
do it anyhow, 

If the engine in the “Spirit of St. Louis” has nine cylinders, rub 
out the letter in space 4, if one is there. If it is aircooled, put “D” 
in space 2, if not already full. If it is filled, do nothing. 

If the spaces do not now spell the name of a scientist and inventor, 
take the last letter of the first name of an aviator and use it where 
needed. 


9. The Acrostic Test. Even the ancient trick of the acrostie 
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lends itself to modern use in testing. This, after a study of 
electric light bulbs, might serve: 

(a) Write the proper words in the spaces, making the first letter 
of each large and heavy. (We insert them in parenthesis.) 
..(Nitrogen).... The principle gas in air, which must be exhausted 
from light bulbs. 


.. (Electricity)... A so-called “fluid” that passes through metallic 
conductors. 

.. (Oxygen)..... An important gas in air that must be completely 
removed from light bulbs. 

.. (Nitrogen).... A gas used to re-fill light bulbs of 50 watts and 
over 


The initial letters of this acrostic should spell the name of a gas 
used in the most recent types of electric illuminating bulbs and tubes. 


This duplication of a word in this acrostic is a bit tricky, 
but tests—like “flappers’—are more interesting if they may 
he expected to do the unexpected, Tests should be piquant. 

10-12. The Rest of the Dozen. Make them for yourself. 
We always leave something extra for our class to do. Use 
your own ingenuity; you may be very sure that the last of 
the test forms has not been brought forth. Pictures—thum) 
nail sketches—will work happily in many combinations. “Ree 
ognition Tests” may use them with particular profit. You 
have seen the “missing part” idea tried with the littlest ones, 
of far greater advancement. 

Are these various types of tests accurately graded? Not 
vet, so far as we have heard. Some day, someone will work 
out a highly accurate dissertation on the evaluation of the 
different types of short-answer tests. We will learn that one 
correct check in Type A is worth seven-fifths of a ring in 
Test B, nine-elevenths of an underscore in Test C, and six 
thirteenths of a matched word in Test D. When we have this 
precise information available-—oh, well! 

TT. Ler tor Curpren Make Tuem 

For the first time, perhaps, in all the history of tests and 
testing, we have a kind of a test, where the student may make 
it, and the teacher take it, with profit to both. We used to try 
this plan in connection with the “essay type” of test, but the 
results were rarely satisfactory. Students asked questions that 
either too simple or too involved; they were not good judges 
of value, or of the complexity of the information called for 
in an answer. Quite the opposite is true, however, as to the 
short-answer tests. The brighter pupils make them with all 
ease, and the others should learn how. 
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Any student who can construct an acceptable test in any 
of these forms, containing five or more parts, will have demon- 
strated a truer proof of understanding in connection with the 
study topic than if he had merely taken the test. This has 
been recognized by many ingenious teachers who, according 
to their reports in our classes, vary the plan in numerous ways. 
Having half the pupils make individual tests for the other 
half; having two pupils make one test for all the rest; having 
each pupil make one unit of a test, and select by committee 
study the best ten units: form pupil groups of five, with a 
“test-maker” assigned to each; these are but a few of the plans 
that alert teachers have been using. 

Perhaps the best closing sentiment would be that honest con- 
fession of one teacher, who for years had been — along 
with the essay type of tests, doing all the work of making and 
erading as a matter of conscience: 

“T’ve been an educational cook, not a teacher. I’ve dished 
and served—heaven knows how long, or how well. From 
henceforth I shall demand some service myself. What ho! 
children! My mind is hungry! Here is some raw stuff— 


prepare me some tasty tests!” 





Laboratory vs. Demonstration — Are We Confusing 
the Issue? 
W. J. Kropp 
Woodrow Wilson High Sehool, Long Beach, California 


[ have just finished reading a recent study in one of the 
educational magazines, on the Comparison of the Lecture- 
Demonstration, Group Laboratory MONS is and Indi- 
vidual Laboratory Experimentation Methods of Teaching High 
School Biology, in which the writer concludes, “Since the dem- 
onstration method, which at least held its own as a means to 
immediate learning, makes possible a considerable saving in 
apparatus and a very decided saving of pupil time, it may be 
able to more than offset any advantages that either of the other 
methods ean offer.” 

His conclusion is based upon the comparison of the average 
scores made by small groups under these three methods, which 
comparison is to be justified by a ratio of the difference of 
the averages and the standard deviation of the difference of 
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the averages, and the ratios in every case except one is less 
than 2.0, making the ratios entirely without prognostic value. 
I have reviewed more than a score of studies of this char 
acter, all of which attempt to establish a justification for the 
demonstration method in the laboratory sciences on the grounds 
of saving expenditures for equipment and time of the pupil. 
If the laboratory sciences must justify their place in the 
high school on such a shallow basis, then there can be no 
reason why they should occupy any place at all. If the experi- 
menter is trying to make an open confession that too much of 
the teacher’s time, too much of the taxpayers’ money, and too 
much of the pupil’s energy is expended in this field of activity, 
then why not be honest and confess that there are no justifiable 
criteria for the teaching of any of the laboratory sciences. 


Are we not confusing the issue ? 


Is mastery of scientific 
content the true aim of the laboratory sciences? Is it the 
true function of the school to establish a minimum load for 
the teacher and a minimum cost for the taxpaver? Is it in 
harmony with the objectives of education for citizenship to 
determine the human values of a subject in terms of subject 
content mastery by some specific method employed by a teacher ? 
[ fear that we have reached a stage in our experimental re- 
search in which we confuse the true aims of science with the 
results obtained from a juggling of scores obtained from objec- 
tive tests which test mastery of science elements alone. They 
do not test skills developed through well-organized laboratory 
procedure; they do not measure scientific attitudes created 
through the discovery and verification of truths; they fail 

account for the many homely virtues accentuated while the 
pupil observes the rhythm and regularity and exactitude with 
which the laws of nature function; they can never fathom the 
depths of insight which stirs every impulse of his being as he 
experiences the results of his own creation. We have lost sight 
of the most fundamental objectives of the laboratory sciences, 
which is evidenced by the ever-increasing attempt to limit the 
activity of the child in an ever-changing situation. We appear 
to move toward a goal conceived only by the expert curriculum 
makers and the teachers, that of mastery of content, rather than 
that of development of character. o 
the university is re- 


Il am not uwneonscious of the fact that 
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quiring a laboratory science for entrance into her courts, and 
that the high school must prepare for this event in accordance 
with the provisions laid down, and that failure to do so means 
lowering the standard of the school. But what of the multi- 
tude of children who are interested in science as it is related 
to life rather than its relation to college entrance’ With 78% 
of the high school population of the country in school, of which 
less than 10% eo to college, and less than 75% of those con 
tinue science, should we be so much concerned with that method 
which saves the teacher work and the taxpaver money, when 
there is such a need for leaders in our social structure who 
ean think clearly, image vividly and act nobly; when we need 
men and women who are searching for the truth and finding 
it. will go out into life with a richer hope and firmer grip on 
what God intends for them to do? There is no field in the 
entire high school eurrieulum in which there is as rich an 
opportunity for the development of right social attitudes and 
right ideals than in the field of the laboratory sciences. 

[ do not mean to hide behind that much misinterpreted phi- 
losophy, “we learn to do. by doing.” TI believe that the author 
of that philosophy had in mind that the “doing” must be 
both meaningful and purposeful. But I do want to emphasize 
the philosophical concept involved in the statement by Thorn 
dike, that “you should learn to swim in water.” The demon 
stration method may give the same results, so far as mastery 
is concerned, as the laboratory method, but if we could meas- 
ure all the results of the experiences gained through actual 
contact with tools,—actual thrills obtained from successes real 
ized by the child, and actual emotions aroused through self 
functioning and self-realization,—-then we would find the ratios 
between the differences of the average scores and the standard 


deviation of the difference to be unmistakably significant. 

















A War of the Centuries* 
Dr. C. V. Tower 
Drawings by Edna Hood Lissak 
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“Now, now indeed these nightly fires are sad,” 
nal. So thought a bystander at one of those destructive fires 


he 


jingling the while a pouchful of 


by which ancient Rome was frequently visited. For, as 


remarked to a companion 


volden solidi with rents now so high in Rome one could 
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quate fire protection. 
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This was in the days of Mareus Aurelius, whom history has 


consented to call “the Good” and “the Pious.” notwithstand 


ing some rather umbrageous activities in which he engaged. 
* Reprinted from ‘Edison Monthly,”’ Nov.-Dec. 1928, by courtesy of New 


York Edison Company. 
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here nor there, the point being that as 


eee the flames spread from the tall 
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thous were of man’s ultimate conquest 


was to defy him for eighteen more cen- 


easoline and electricity had achieved their 
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Above is drawing of 
first known fire pump 
| with air chamber, de- 
signed by Heron, and 
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Little could be done in ages that were prone to refer all 


calamities to the contrivance of demons, or to dismiss them as ' 
“acts of God” against which the hand of man could not pre- 
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vail; when, if effort were made, the heralds’ cry “To the 
water!” “To the water!” perforce did duty for the modern 
telegraphic signal; when buckets, ladders, hooked poles and 
siphons were the sole fire fighting apparatus, and exorcism and 
prayer seemed more efficacious than the busy futilities of exist 
ing’ fire brigades. Nevertheless, Rome had them these fire 
brigades. About the year 6 A. D. Augustus called into being 
his seven cohorts of fire fighting policemen, combining, as it 
were, two municipal departments in one. Each cohort was 
under the control of a prefect and numbered a thousand men. 
They patrolled the streets by night, streets that were lighted 
only by their torches. Not a sufficient force, surely, for a 
city of nearly a million people as a deterrent of crime, to say 
nothing of protection against fire! Mighty conflagrations con- 
tinued to be of frequent occurrence, and in one of these, which, 
in the year 37 A. D., destroyed large portions of the Aventine 
and contiguous Cireus, the loss amounted to more than a mil 
lion pounds. Rome’s skyscrapers added to the danger until 
their height was rationally limited to sixty feet some time 
after Nero’s costly display of pyromanic impulsion, but in 
most respects the situation was even worse in other cities. 
“The truth is,” wrote Pliny, describing for the Emperor Tra- 
jan’s benefit a “‘most destructive fire” in a provincial town, 
“the city is not furnished with either engines, buckets, or 
any single instrument proper to extinguish fires.” 

So there were engines of a sort!—no doubt the small siphons 
worked by hand. Long before, Otesibius had invented the 
force pump, but no effort had been made to render practicable 
Hero’s conversion of the principle into a fire engine. The 
latter invention, the first known fire engine with an air cham- 


’ 


ber, dates possibly from the third century B. C. It consisted 
of two brass cylinders, when in operation partly immersed in 
water, connected with a discharge pipe, and accurately fitted 
with smoothly working pistons. Leupold’s one-cylinder fire 
pump, an early eighteenth century invention, is the first 
known adaptation of Hero’s principle. 

Portable “fire engines” of the type later known as the 
“Squirt” are mentioned in the fourth century and again in 
the seventh, but “engine” was a blanket term covering any- 
thing with a suggestion of the mechanical about it, and their 


efficiency as fire fighters may be doubted. 
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The squirt reappeared in the sixteenth century and, in one 
form or another, was used until the beginning of the nine 
teenth century, when laws making it an offence to be unpro 
vided with hand squirts were still unrepealed in England. 
The instrument was usually of brass and held from two to 
four quarts of water, the smaller squirt being about two and 
one-half feet long, with a half-inch nozzle. Three men were 
required to operate it, one on each side to hold the cylinder 
and nozzle (immersed in water), a third to pull back the pis 


ton and charge it. 
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Portable fire pump, folding fire buckets, helmet and lamp, from a London 
firm's illustrated catalog of 1854. 

Besson’s squirt must have seemed to the people of that 
day the last word in fire fighting apparatus, “‘for this kind 
of squirt may be made to hold a hoggeshed of water, or if 
you will a greater quantity thereof, and may be so placed on 
his frame, that with ease and small strength, it shall be 
mounted . . . and made to squirt out the water upon the 
fire that is to be quenched.” 

But Besson’s squirt was not the crowning achievement after 
all, for in the next century improved fire apparatus was made 
in Holland, and in France, by special grant of “The Great 
King,” Du Perrier (probably the first real fire chief) was 
empowered to build and supply engines of the new Dutch 
type. His firemen were resplendent in bonnets of royal blue 
with glided bronze fleur-de-lys, and manoeuvred their portable 
pumps and other fire equipment by whistle signals. Hautsch 
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of Nuremberg improved the hand engines of the period and 
built a large machine which was drawn by two horses and 
worked by twenty men. It was mounted on a sledge and 
threw water from a portable cistern to the height of eighty 
feet, which is to say, over the houses of the time. A capable 
machine no doubt!— unless one compares its performance 
with that of some powerful pumper of today, say New York’s 
No. 65, with its 120 horse power motor and its four lines 
of hose, which pumps 1,100 gallons per minute and, when 
attached to standpipes, can force a stream of water fifty feet 
over the Woolworth tower. 
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John Hautsch’s fire engine which could throw a one-inch stream 
of water to the height of eighty feet. 














At about the time that Du Perrier was making Paris safe 
for his master, Louis XIV, Newsham in England was at work 
upon a new type of engine, which, with modifications, was 
destined to retain the favor of firemen for a round hundred 
years. The engine was equipped with two pumps, worked by 
a double lever provided with long handles, augmented by the 
alternating application of foot power to the two treadles upon 
the box covering the pumps. In 1731 the Common Council 
of the City of New York ordered that two of these engines 
be procured from London “with all convenient speed,” to- 
gether “with Suction and Materials there unto belonging, for 
the Publick service.” They were the first fire engines in 
America. 
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Washingtonians tell you that “nobody stays in Washington 
during the summer,” yet there were sixty-five thousand people 
on the streets last September 3d still summer, observe to 
witness a Firemen’s Parade which an inspired reporter de 
seribed as “an iliad of the fire-fighter’s art, unfolding in 
heroic fashion the story of his progress in battling against the 
ancient enemy.” Engines, old and new, were there, from the 
diminutive double-piston, man-drawn and horse-drawn types 
of by-gone days to the huge self-propelled pumpers of the 
present. Of special interest as representative of the engines 
which succeeded those mentioned in the last issue of this 
magazine was a Centennial prize-winning steam fire-engine of 
Frederick, Md., “Lillie of the Swamp” by name, for the 
engine house of Frederick had been built upon the edge of 
a swamp and the men of Lillie’s crew were known as “swamp 
ers.’ With its gleaming nickel-plated air chamber and brass 
smokestack the little engine appeared well cared for and pre 
sented a brave appearance after fifty vears of service. 

Long before Lillie’s day steam fire engines had been in 
existence. As early as 1828 John Ericsson, best known as the 
inventor of the “Monitor,” had designed the new fire-extin- 
gnisher, which he mounted on a rude carriage for experimental 
purposes, and his personal “claim to be the father of steam 
fire engines” is generally sustained. “The trials proved so 
satisfactory,” said Eriesson himself, “that Mr. Braithwaite, 
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who built this tirst steam fire engine, decided to make another, 
to be mounted on a livht frame suspended on springs suitable 
to run on pavement for practical purposes, | according|y at 
once clesigned the second steam fire engine . . «. the machine 
proving a perfect success on first trial.” It was smaller than 
the first, but a more powerful pumper, throwing 168 gallons 
of water.a minute to a height of 109 feet. 
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European fire apparatus of the seventeenth and eighteenth 





centuries 
A third engine quickly followed, built for the Liverpool 
docks. Then came the “Comet,” also designed by Ericsson 
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The forerunner of the modern steam pumpe1 





and Braithwaite, Eriesson’s partner, friend and patron. This 
was built for the King of Prussia, to be used for the protec- 
tion of public buildings in Berlin, and the magazines of the 
day described it in terms which leave no doubt as to the favor- 
able impression it made in England and Germany. It was a 
fifteen horsepower engine, weighing four tons, having two 
evlinders and two pumps of 10)2 inch diameter, designed to 
work at 18 strokes a minute and in the same fraction of time 
deliver 304 gallons of water, ejecting the stream from its 1% 
inch nozzle to a vertical height of 120 feet, as proved by a 
publie trial in England. A German newspaper of the time. 
commenting upon the arrival of this engine, savs that with 
only an engineer, stoker, and one to four men to attend to the 
hose, “It saves the strength of 42 to 105 men, according to 
its size, from six to fifteen horsepower ; it does not tire, works 
regularly and requires no relief.” Men still spoke wonderingly 
about the new economies in an age that was not vet truly 
mechanical, and great must have been the satisfaction of the 
German Government at securing this marvel of mechanical 
ingenuity for the comparatively trifling sum of 1,200 pounds 
sterling. 

Many were the difficulties and vexations encountered by 
builders of the early steam fire engines. The insurance com- 
panies were almost as bitterly opposed to steam as the Floren- 
tine doctors to the telescope of Galileo and the new pumpers 
at first found no favor with firemen.  Braithwaite’s first 
engine met with a cold reception from the London Fire Bri- 
gade and was hauled to fires without official connection with 
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that organization. In this country there was the same deter- 
mined opposition to novelty, and the first steam fire engine 
of American manufacture, which was built in 1841 by Hodge, 
an English engineer, was rejected by the firemen and soon 
retired from service, though commissioned by the fire insur- 


ance companies. 
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Early types of fire-alarm boxes and transmitting equipment 

But prejudice was not the only reason for this reluctance 
to adopt the new engines. Of course a steam pumper should 
be self-propelled and the early builders were unable to pro- 
duce a satisfactory engine that would run to fires under its 
own steam until Latta built the “Uncle Joe Ross,” a very 
heavy machine which was placed in service in the city of 
Cincinnati on January 1, 1853. But even this and other 
pumpers of similar type were usually drawn by horses, only 
a part of the propelling power being furnished by the engine 
itself. And here it is of interest to note that in the above 
named city and in the same year the first paid fire company 
was inaugurated. To Philadelphia, it may be added, belongs 
the distinction of having the oldest fire insurance company in 
America and the first fire association (1817) which grew out 
of the volunteer fire department of any city. 

Latta’s second steam fire engine is described as a “splendid 
machine” costing $10,000, a still larger amount having been 
raised by popular subscription to build and equip her. The 
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steam raising record of this engine was three minutes and 
1% seconds, and the machine threw a_ horizontal stream 
I 


through a 2% inch hose and 1% inch nozzle to a distance of 


297 feet, a truly remarkable record. 




















Fire towers and alarm bells 


Steam fought fire for seventy vears and not without stub- 
born resistance at the close of the century did the old steam 
fire engine at last give place to the new gasoline and elec- | 
trically driven pumpers, predecessors of the efficient twentieth 
century engines of today. Gone are some of the well-remem- 
bered thrills of boyhood, the spark-emitting, smoke-belching 
red dragon of other days, more awe-inspiring to vouth than 
the soaring flames it was designed to quench, but Efficieney 
recks not of thrills or boyish sentiment finding its worst foe 
in the prejudice which clings to that which is because it 
has been. 

Probably the electrically driven pumper is less than thirty 
vears old. The Sapeurs-Pompiers of Paris, a regiment of 
firemen of the French army, are credited with its introdue 
tion in 1899, and a first trial proved so satisfactory that a 
sum was appropriated by the municipality for the construction 
of five engines of similar type. In various cities of the United 
States electrie engines have been put in operation. Eight of 
them may be seen in Camden, N. J., for example, and in 
Paterson the Fire Department is equipped with electric en 
gines. In towns where traffic is heavy the electrically driven 
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machine seems indispensable, and the speed with which they 
vet under way is one of the features to the advantage of this 
tvpe of engine. 

A modern fire engine, it was stated at a recent meeting of 
mechanical engineers, is “probably the most complicated piece 
of machinery that travels on four wheels,” an assemblage that 
is mechanical from beginning to end, as such requiring the 
services of skilled engineers to pass upon its qualifications and 
performance. The engines of the present vary in pumping 
capacity from 300 to 1,500 gallons per minute. They carry 
more than a thousand feet of 2'%-inch hose and, when pro- 
vided with a chemical tank, additional one-inch hose for use 
at small fires. Severe tests at different pressures are required 
by the National Board of Underwriters “before a certain 
make or model of fire engine will be recognized,” says a recent 
article, and “one engine of each model must successfully pass 
an endurance test of twelve hours under observation of Under 
writers officials.” 


What Girl Scouts Should Know About Fire 
at 
Prevention 
Tue subject of Fire Prevention is daily becoming of greater 
importance. People are recognizing the urgent need of prac 
ticing it and an increased effort is being made to spread the 
knowledge of preventive measure to all sections of the country. 
A special effort is being made to impress this information 
on the minds of the younger generation. In conjunction with 
the leaders of the Girl Seouts the Insurance Department of 
the City of Jefferson, Missouri, conducted a Fire Prevention 
Campaign. Part of the program consisted of an examination 
for the Girl Seouts. These are the questions which were 
asked. How many can you answer ? 
1. What are the three main things mentioned in “Good Citizenship” 
which have to do with Fire Prevention? 
2. (a) What is the most potent factor of human nature in the 
cause of destructive fires? (b) Name four ways in which this habit 
demonstrates itself, 


3. (a) Give two safety rules for buying matches. (b) Give three 
safety rules for the use of matches. 

4. (a) Give three safety rules for placing of stoves and furnaces. 
(b) Give three rules that should be observed in the use of stoves 
and furnaces. 


1 From “Safeguarding America Against Fire,"" March, 1928. 


(Continued on page 114) 
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The Nation Honors Edison on the Forty-ninth 
Anniversary of the Incandescent Lamp 


On Saturday, October 20, 1928, Thomas A. Edison received 
the highest honor that the people of the United States can 
offer. Our government awarded him the Congressional Medal 
in recognition of his distinguished place among the world’s 
ereatest scientists and because of his numerous contributions 
to the welfare of mankind. The action of Congress was em- 
bodied in the following resolution: 

“Under a Resolution of Congress approved May 29, 1928, 
the Secretary of the Treasury was authorized and directed to 
cause to be struck and presented to Thomas A. Edison a gold 
medal, with suitable emblems and inscriptions, in commemo- 
ration of the achievements of Mr. Edison ‘in illuminating the 
path of progress through the development and application 
of inventions that have revolutionized civilization in the last 
century.’ ” 

A small group was assembled in the Edison Laboratory at 
West Orange, where the medal was presented. The addresses 
were broadcast by radio, and President Coolidge spoke over 
the radio from the White House. President Coolidge’s con 
eluding words were: “Noble, kindly servant of the United 
States and benefactor of mankind, may you long be spared to 
continue your work and to inspire those who will carry forward 
your torch.” 

Honorable Andrew W. Mellon made the presentation address. 
Roland Ian Campbell, Chargé d’Affaires of the British Em 
bassy, acting for Sir Esme Howard, the British Ambassador, 
officiated in the ceremony. Advantage of this oceasion was 
taken to return to Mr. Edison his first phonograph, which had 
been loaned many years ago, te the South Kensington Mu 
seum in London. 

In the picture opposite* are shown, from left to right, Mr. 
Campbell of the Britisk#*imbassy, Mr. Mellon, Mrs. Edison, 
Mr. Edison, and President Hibben of Prineeton. The inserts 


are photographs of jig*medal. 


* Photograph used by courtesy of the New York Edison Compan 
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5. (a) Give three safety rules for open fires. (b) Give two safety 
rules for handling rubbish. 

6. (a) When should you start a coal or wood fire with oil? 
(b) Should receptacles in which oil is burned be filled by daylight 
or after dark? 

7. (a) What is one of the most dangerous volatile liquids in com- 
mon use in the home? (b) Give four safety rules for its use. 

8. (a) Why are “No Smoking” signs posted in various public 
buildings? (b) Give the New York Fire Prevention Bureau Law on 
the subject of smoking in factories. 

9. (a) Name some of the articles made from celluloid? (b) Why 
do they present such a dangerous fire hazard? (c) What simple 
precaution renders them harmless? 

10. Give safety rules to be observed in case of a serious fire. 














The Mosquito Blocked the Way 


Ask your students to write about the Panama Canal—the 


and how the resources of science 





mosquito—Colonel Gorgas 
have brought together seemingly unrelated factors and made it 
possible to overcome great obstacles. 
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Water Power in the United States 


The developed water power in the United States on January 1, 
1928, was 12,296,000 horsepower, showing an increase of 576,000 horse- 
power, or approximately 5 per cent, during 1927; and the total amount 
of potential water power available 90 per cent of the time is 38,110,000 
horsepower, and that available 50 per cent of the time is 59,166,000 
horsepower, according to an announcement by the Department of the 
Interior, through the Geological Survey. The figures for potential 
water power are not directly comparable with the figures for devel- 
oped water power, because the figures for developed power are given 
in terms of the capacity of the installed water-wheels, which may 
be several times the potential power available 90 per cent of the time. 
Estimates based on studies of the capacity of water-wheels installed 
at fully developed water-power sites indicate that about 15 per cent 
of the potential water power of the United States is developed at 
the present time.If it were feasible to develop all the water-power 
resources of the United States, the total capacity of water-wheels 
installed at all water-power plants would amount to about 85,000,000 
horsepower. 

All of the increase in developed water power in 1927 was in the 
plants of public-utility power companies, the capacity of water-wheels 
in manufacturing plants showing a small decrease during the year. 
California still ranks first in developed water power, with a total of 
1,993,000 horsepower of water-wheels in water-power plants. New 
York, with 1,779,000 horsepower, is second, and Washington, with 
707,000 horsepower, is third. The rest of the ten leading water-power 
states are all east of the Mississippi River. 

The report from which these figures are taken contains tables show- 
ing the relative importance of the divisions of the United States in 
developed water power, the rank of the ten leading water-power states 
for several years, and the total amount of developed water power in 
each state on January 1, 1928. 

The estimate of potential water power in the United States has 
been revised to include the results of recent studies and surveys, par- 
ticularly in the upper Columbia River basin and the Tennessee River 
basin. Washington, with 11,200,00 horsepower available 50 per cent 
of the time, leads all the states in water-power resources by a wide 
margin. It is followed by California with 6,700,000 horsepower, Ore- 
gon with 5,900,000 horsepower, and New York with 5,000,000 horse- 
power, these figures representing power available 50 per cent of the 
time at an efficiency of 70 per cent. Most of the undeveloped power 
in New York is on the Niagara and St. Lawrence rivers. 

Copies of the report giving by states the developed water power on 
January 1, 1928, and the estimated potential water power available 
90 per cent of the time and 50 per cent of the time can be obtained by 
application to the Director, Geological Survey, Washington, D. C. 














The New Books 


Ten Years of Educational Research—1918-1927—Bulletin 42—College 
of Edueation, University of Illinois. 

rhis is a pa per-covered pamphlet of 367 pages, by Walter S. Monroe 
and Staff. The book treats: educational research before 1918: gen- 
eral survey of 1918-1927; research in educational measurement; cur 
riculum research; reports of educational research; lists of doctors of 
philosophy in educational institutions, and a number of related tables 
The price is $1.00, 

Visual Instruction in the Publie Schools—1928 Anna V. Dorris 
181 pages—154 illustrations—$2.64—Ginn and Company. 

Visual aids, though long used in education, have not been so abun- 
dant as they are today; and abundant as they are, few of us are 
making the best possible use cf them. This book on visual instruc- 
tion is opportune, and covers the whole field, It merits real study 
on the part of teachers and administrators. The book is divided into 
three parts: I. The background of visual instruction in modern edu- 
caational procedure; IT. Visual instruction applying to the teaching 
of the various subjects of the curriculum; IIT, Administrative prob- 
lems of visual instruction in the publie schools. 

The book goes into detail in describing work that can be done in 
specific subjects, as history, geography, science, arts, health, reading, 
etc. The practical suggestions given are real helps and by heeding 
them much of our teaching will be improved. 

The Book of Electricity—1928—RBertha M. Baker—314 pages—115 
illustrations—92 cents—Houghton Mifflin Company. 

This book gives useful information about electricity and electrical 
appliances; written in language easily understood by pupils in grades 
6 to 8. It is not intended to take the place of lessons in elementary 
science, but rather to supplement them. It will, however, give valu- 
able information to pupils in schools where science is not taught. 

Elementary Engineering Laboratory Practice—1928—0O, FE. Edison 
ard F. W. Norris—276 pages —121 illustrations—$2.80—Ginn and Com- 
pany. 

This book covers both D. C. and A. C. experiments for students in 
the electrical engineering power laboratory. More than eighty ex- 
periments are outlined. References and numerical problems are 
given, 

\lgebra—1928--Emery and Jeffs—626 pages—$1.85—D. Van Nos- 
trand and Company. 

We cannot imagine getting more material into a given space than 
has been done in this book. ‘Teachers will find it a storehouse of 
interesting problem material with a unique organization. 

Algebra Work Book—1928—Fowlkes and others—199 pages—80c- 
The Maemillan Company. 

This book contains 100 drill tests. Each test is a single page with 
blank space for pupil’s work. The pages are perforated. Blank 
space is provided for accuracy mark, speed mark, and average or 
test mark. 

College Chemistry—1928—Neil E. Gordan—516 pages—88 illustra- 
tions—World Book Company. 

This college text is particularly for those students who have had 
a high school course in chemistry. The prescribed material of the 
high school course has been omitted from this book, so that the 
student need not feel that he is covering familiar ground. This book 
helps solve the difficult problem of having in the same class those 
who have previously had chemistry and those who have. not. 
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National Parks-—Vook Il 1928—Mary Rolfe 329 pages—illustrated 

Benjamin Sanborn & Co, 

This is a fitting companion to Book I of the same name, and it is 
intensely interesting to read. The national parks covered in this 
volume are: Yosemite, General Grant, Hawaii, Lassen Volcano, Crater 
Lake, Mt. Rainier, Mt. McKinley, Glacier, Yellowstone, Wind Cave, 
Sully’s Hill, and the proposed Grand Teton. Book T is suggested for 
the fifth and sixth grades: Book II for the sixth and seventh grades. 
They are well graded. A map on the inside covers shows the location 
of the parks. 

Blementary NSeienece Readers took «(TTI 1928 Pavne-Barrows 
Schmerber—172 pages—illustrated—Benjamin Sanborn & Co. 

This reader covers subject-matter drawn from the field of chemistry 
and bacteriology. It is, of course, very elementary, as should be for 
Junior High School grades. It treats coal, petroleum, gases, inetals, 
cement, glass, photography, drinking water, and smallpox; Pasteur, 
Lister, Trudeau and Walter Reed, and their works. 

Elementary Science Readers Book IV 1928 Pavne-Barrows 
Schmerber—197 pages—illustrated—Benjamin Sanborn & Co. 

This fourth book in the series of Science Readers treats the physio 
graphic features of the earth, such as the earth’s crust, ocean waves, 
inland waters. earthquakes, voleanoes, and glaciers. Man and his 
effort to make adjustments to the earth is given prominence. The 
whole series give interesting worth-while material which is good fot 
supplementing a course in elementary general science, 

Vature Study and Health Edueation—for third year—1928—Alice 
J. Patterson—184 pages—illustrated—McKnight and McKnight. 

This book offers a variety of material seasonally arranged for 
nature study in the third grade. It also offers a variety of methods 
in teaching. Some lessons are observational, others conversational, 
and others make use of projects. Health lessons are interwoven with 
nature study in places where direct relations are strongest 

Notebook for Nature Study and Health Education—1928—A., J. Pat 
terson—96 pages—MecKnight and McKnight. 

This is a pupils’ manual to accompany author’s text, and includes 
blank forms for pupils to fill in and blank spaces for appropriate 
pictures. Some drawings are suggested. 

A Tale of Soap and Water—1928—Grace T. Hallock—96 pages 
illustrated—paper covers—a limited number free for school use 
School Department, Cleanliness Institute, 45 East 17th St., N. Y, C. 

A real masterpiece on the historical progress in cleanliness. It 
was written for seventh, eighth and ninth grades, and even grown- 
ups will read it through once they start. 

The Animal Way—1928—Jean Broadhurst—64 pages—illustrated 
paper covers—one book free to each of kindergarten, Ist and 2nd 
grades—additional copies, 25 cents each—$20.00 per 100—School De- 
partment, Cleanliness Institute, 45 East 17th St., N. Y. C. 

A picture book with animal keep-clean stories. The large, full-page, 
colored pictures lack the proper animal to complete it, but space is 
left for it. This animal the child finds in another part of the book, 
cuts it out, and pastes it in the proper place. This will delight the 
younger children, 

Charts for Civics, Geography, Arithmetic, and General Science 
1928—Fay Campbell—96 pages-—illustrated—Wheeler Publishing Com- 
pany, Chicago, : 

Suggestions are given for making various types of charts or graphs 
to show data of different kinds. Some of these will be helpful in a 
part of the general science work. 














Science Articles in Current Periodicals 


ASBESTOS 
The Fire Demon’s Foe. Com. Am., 25:3:20, Sept. 1928. 
ASTRONOMY 
World Astronomers Meet. Sci. Am., 139:308, Oct. 1928. 
Sun Spots Forecast Better Radio. Pop. Mech., 50:595, Oct. 1928. 
Asteroid Hunting. Sci. Am., 139:416, Nov. 1928. 
Calculating Orbits. Sci. Am., 139:502, Dec. 1928. 


ATOMS 
Solving the Secrets of Life. Pop. Mech., 50:563, Oct. 1928. 
Wave Atoms. Pop. Mech,, 139:406, Nov. 1928. 
AVIATION 
Our Conquest of the Pacific: 7,400-Mile Trip of Southern Cross, 
Nat. Geog. Mag., 54:71, Oct. 1928. 
By Seaplane to Six Continents: Cruising 60,000 Miles. Nat. Geog. 
Magw., 54: 247, Sept. 1928. 
Learning to Fly. Pop. Mech., 50:611, Oct. 1928. 
Growing Wings for the Army. Pop. Mech., 50:642, Oct. 1928. 
How Lindbergh’s Famous Engine Was Manufactured. Sci. and 
Inv., 16:590, Nov. 1928. 
Dirigibles Make New Bid to Rule the Air. Pop. Sci. Mo., 113 :4:18, 
Oct. 1928. 
Aerial Highways and Their Marking. Am, City, 39:127, Nov. 
1928. 
Lighthouses of the Air. Pop. Mech., 50:906, Dee. 1928. 
Seeing 3,000 Years of History in Four Hours. Nat. Geog. Mag., 
54:719, Dec. 1928. 
How Man Learned to Fly. Sci. News Let., 14:349, Dec. 8, 1928. 
The First Flight. Sci. News Let., 14:353, Dee. 8, 1928. 
The Graf-Zeppelin Arrives. Sci. and Inv.. 16:690, Dee. 1928. 
BEAVERS 
Mickey the Beaver. Nat. Geog. Mag., 54:741, Dec, 1928. 
CHEMISTRY 
Contributions of Chemistry to Industry. Jo. Chem, Ed., 5:1224, 
Oct. 1928. 
Apparatus for Preparation of Chlorine. Jo. Chem, Ed., 5:1292, 
Oct. 1928. 
Carbon Dioxide in Modern Life. Jo. Chem. Ed., 5:1321, Oct. 1928. 
Some Uses of Atmospheric Gases. Jo, Chem, Ed., 5:1327, Oct. 
1928, 
Chemistry Prize Essays. Jo, Chem, Ed., 5:1056-1089, Sept. 1928. 
CHINA 
Life Among the Llamas of Chomi. Nat. Geog. Mag., 54:569, Nov. 
1928. 
The World’s Greatest Overland Explorer. Nat. Geog. Mag., 54: 
505, Nov. 1928. 
DISEASE 
Tropical Diseases. Manson. Hygeia, 62564, Oct. 1928. 
Doc 
The World of the Dog. Sci. Am., 139:297, Oct. 1928. 
The Dog as a Transmitter of Disease. Sci, and Inv., 16:502, Oct. 
1928, 
EpDISON 
The Birth of a Great Inventor. Com, Am., 25:5:31, Nov. 1928. 
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The greatest 
single experiment 
ever conducted 
in education 










11,000 children and 232 teachers in twelve cities took part in a ten 
weeks’ test—the greatest single experiment ever conducted in education. 
5,500 pupils taught with the aid of Eastman Classroom Films gained 33% 
more in geography and 15° more in general science than an equal 
number taught without them. 

The results brilliantly justify the present program—scientific, delib- 
erate, discriminating—by which Eastman Teaching Films, Inc. will ul- 
timately fill the film needs of every branch of education. 

Every science teacher should know about this significant new note 


in education. Write for the booklet that tells the story of Eastman 
Classroom Films. 


Eastman Teaching Films, Inc. 
SUBSIDIARY OF EASTMAN KODAK COMPANY 
ROCHESTER, N. Y. 











ENRICHED TEACHING OF SCIENCE 
IN THE HIGH SCHOOL 


BY 
MAXIE N. WOODRING, Associate Professor of Education, Teachers College, 
Columbia University; MERVIN E. OAKES, Assistant in Natural Sciences, 
Teachers College, Columbia University ; and H. EMMETT BROWN, 
Teacher of Science, Lincoln School, Teachers College, 
Columbia University. 


HIS is a source book for teachers of general science, biology, physics, chemistry 

and other sciences, listing chiefly free and low cost illustrative and supplementary 
materials. It contains almost three thousand items, each carefully annotated and 
classified under the subject in which it is most commonly taught. 
The major divisions are as follow: Models, Samples, Exhibits. Pictures, Posters, 
Charts. Lantern Slides. Motion Pictures. Equipment and Supplies. Lectures. 
Plays, Clubs, Projects. Excursions. Career-Planning for Science Students. Summer 
Activities for Science Teachers. Professional Associations. Tests and Science Vo- 
cabularies. Elementary Science Materials. Pamphlets. Periodicals. Bibliographies. 
Teachers of science in elementary schools and colleges as well as high school teachers 
will find much useful information in this book. 


385 pp. Cloth bound, $2.75. 
BUREAU OF PUBLICATIONS 


Teachers College Columbia University New York City 


























120 GENERAL SCIENCE 








QJUARTERL) 


ENERGY 
Hypon—A Possible Source of Stellar Energy. Sei. Mo., 27:53! 
Dec, 1928 
MRANKLIN INSTITUTE 
Present and Proposed Activities of the Franklin Institute. Jour, 
Fr, Inst., 206:735, Dec. 1928. 
(;RAVITATION 
Logie of Gravitation. Sei, Mo., 27:530, Dee. 1928. 
Some Experimental Evidence Supporting the Kinetic Theory of 
Gravitation. Jour, Fr. Inst., 206:143, Aug. 1928. 
GEYSERS 
Geysers, Real and Artificial. Sei. and Invy., 16:498, Oct. 192s. 


ITAY FEVER 


Late Summer Hay Fever. Ilygeia, 2:489, Sept. 1928. 
Early Spring Hay Fever. Hygeia, 5:245, May 1928. 
ITEALTH 


Health and the School: the Teacher’s Health—Score Card. Hy- 
veia, 6:650, Nov, 1928, 
There is a Lot to Just Sitting or Standing. Sci, Amer., 139 :402, 


Novy. 1928. 

\ Life and Death Matter: the Falling Typhoid Rate. Hygeia, 
6:677, Dee. 1928. 

Adding Pounds and Pep to Young Scholars. Hygeia, 62695, Dec. 
1928, 


INDUSTRY 
Contributions of Chemistry to Industry, 
Part 1. Jour. Chem, Ed., 5:1224, Oct. 1928. 
Part Il. Jour. Chem. Ed., 5:1603, Dee, 1928, 
ILLUSIONS 
Visual Illusions of Motion, Sci. Mo., 27:491, Dec. 1928. 
LIFE 
The Mystery of Life. Jo. Chem. Ed., 5:1558, Dee. 1928. 
Liu 
Experimental Determination of the Velocity of Light. Sei. Mo., 
27 :562, Dec. 1928. 
The Effect of Solarization upon the Ultraviolet Transmission of 
Window Materials. Trans. Ill. Eng. Soe., 523:1121, Nov. 1928. 
\LAN 
The Human and Auto Engines. Sei. and Inv., 16:500, Oct. 1928. 
\IATTER 
The Structure of Matter, 


I. Hydrogen and Oxygen. Jo, Chem, Ed., 5:1152, Sept. 
1928, 
If. Periodic Classification. Jo. Chem, Ed., 5:1312, Oet. 1928. 
11] Some Miscellaneous Applications. Jo, Chem. Ed., 5:1473, 
Noy. 1928. 
IV. lons and Jonogens. Jo. Chem, Ed., 5:1639, Nov. 1928. 


The Nature of Matter. Jo. Chem, Ed., 5:1135, Sept. 1928. 
\LOLECULES 
Molecular Speed. Jo, Chem. Ed., 5:1484, Nov. 1928. 
\LOVIES 
Color for Your Movies. Pop. Mech., 50:529, Oct. 1928. 
Secrets of Your Color Movies. Pop. Sei. Mo., 113:417, Oct. 1928. 
Color Movies for the Amateur. Sci. and Iny., 16:514, Oct. 1928. 
The Amazing Story of the “Talkies.” Pop. Mech., 50:938, Dee. 
L928, 
Noist 


Noise. Sei, Amer., 139:508, Dee. 1928. 



















































MILVAY CHROME 
BUNSEN BURNER 


Not just another burner, but a real 
innovation, a decided improvement 
over other types of this important piece 
of laboratory equipment. The new 
Milvay Bunsen Burner No. 426C, sur- | 
passes any other in the same priceclass. : 
The method of air regulation ismewand 
easier than the old. It cannot stick or 
bind. The proper design of gas inlet, 
air vents, and mixing chamber, insures 
a high temperature Bunsen flame. The 
knurled finger grip provides an easier 
and simpler means of air regulation. A 
protecting ferrule serves the double 
purpose of holding the burner tube in 
place and preventing dust and dirt from 
lodging between the burner tube and 
the mixing chamber. There are two 
rectangular air vents of the proper size 
to provide the maximum air required to 
produce the most efficient flame. The 
serrated hose end, raised gas inlet tube, 
and one-piece die cast base, gas cham- 
ber and hose end are other evidences of 
the manner in which every detail has 
been worked out to insure the best 
possible burner of this type. This piece 
of equipment is just another evidence 
SCIENTIFIC of Milvay superiority. 
U, 








of 


8. 





INSTRUMENTS 
CHICAGO * 


CHICAGO APPARATUS COMPANY 
1735-43 No. Ashland Ave. Chicago, Illinois 





ec. 


MILVAY Apparatus Costs No More Than Ordinary Laboratory Equipment 
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NOSTRUMS 
Remedy for “Rheumatiz.” Hygeia, 6:553, Oct. 1928. 
Quack Epilepsy Cures. Hygeia, 5:263, May 1928, 
PHOTOGRAPHY 
The Processes of Color Photography. 
I. Early History. Jo. Chem. Ed., 5:1385, Nov, 1928. 
If. Sereen and Plate Process. Jo, Chem. Ed., 5:1577, Dee. 


1928, 
Photographie Hints for the Amateur. Photo Era, 59:53, July 
1928. 


Types of Tonal Composition. Photo Era, 61:80, Aug, 1928. 
Photographing Insects at Field. Photo Era, 61:76, Aug. 1928. 
PoIsoNoUS PLANTS 
Poison Tvy, Poison Oak, Poison Sumac. Sci. Amer. p. 162, Aug. 
1927. 
Ivy Poisoning. Hygeia, 5:384, Aug. 1927. 
POSTURE 
There is a Lot to Just Sittine or Standing. Se. Amer., 139 :402, 
Nov, 1928. 
PRESSURE 
Combating the “Bends.” Se. Amer., 139:328, Oct. 1928. 
RAvIO 
Why is a Radio Soprano Unpopular? Sci. Amer., 139:334, Oct. 9, 
1928, 
Making a Television Disk. Pop. Sci. Mo., 113:6:53, Dee. 1928. 
Electrodynamic Speakers Becoming Popular. Radio News, 10: 
£38, Nov. 1928. 
The Jenkins “Radio Movie” Reception Methods. Radio News, 10: 
120, Noy. 1928. 
Radio Hails the Dynamic Speaker. Pop. Sci. Mo., 113:4:43, Oct. 
1928, 
The Photo Electric ve. Radio News, 10:305, Oct. 1928. 
Glowlamp Has Radio Uses. Sci. and Inv., 16:733, Dee, 1928. 
Wired Wireless. Radio News, 10:3502, Oct. 1928. 
Future Progress in Television. Radio News, 10:411, Nov. 1928. 
Complex ‘Televisors to Give Large Tmages. Radio News, 10:536, 
Dec. 1928 
Trans-Atlantie Telephony. Sci. Mo., 25:170, July 1927. 
Receiver Installation. Pop. Mech., 48:303, Aug. 1927. 
Lamp-Socket Operation. Radio News, 9:204, Sept. 1927. 
Radio Picture Machine. Sci. and Inv., 15:318, Aug. 1927. 
A New Electron Tube. Radio News, 9:50, July 1927. 
The Surface Area of a Broadcasting Station. Radio News, 9:12, 
July 1927. 
Why Radio Curves Around the World. Lit. Dig., 93:10:20, June 4, 
1927. 
Radio’s Goliath. Sei. Amer., p. 132, Aug. 1927. 
RECREATION 
Slow Clubs. Playground, 21:77, May 1927. 
Leisure and Life. Playground, 21:81, May 1927. 
Municipal Golf. Playground, 21:94, May 1927. 


Community Recreation. Amer, City, 39:5:81, Nov. 1928, 






SAFETY 

Safety First in the Home. Sci. and Inv., 16:492, Oct, 1928. 
SCIENCE PLAYS 

A Chemical Vaudeville Show. School Sci. and Math., 28:755, Oct. 


1928 
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r Feature of 


ELECTRICITY 


By Josepu R. LUNT 
Teachers’ College of the 
City of Boston 











A SIMPLE, EXPERIMENTAL STUDY 
REQUIRING NO PREVIOUS SCIENTIFIC WORK 


Here is a fascinatil hook 


oO 


every type of reader, from the enterprising boy of 
with a natural interest in electricity and radio to the stw 
of elementary physics and even to the adult who has sud- 


denly developed a curiosity about the subject. It requires 
no previous scientific study for a complete understanding. 
Written in simple language, with practical content, scien- 
tific soundness, and excellent helpful diagrams and illustra- 


tions—it is a thoroughly useful book for any schoolroom or 
home bookshelf The appliances of the electrified home, the 


radio, and the trans-Atlantic r 


to-the-minute topics discussed. 


THE MACMILLAN COMPANY 


New York Boston Chicago 


adiophone are among the up- 


















be of interest to 
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Price $1.60 


Dallas Atlanta San Francisco 
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SCIENCE TEACHIN¢® 
A Survey of Chemistry ‘Teaching in Wisconsin High Schools 
Jo. Chem. Ed., 5:1415. Nov. 1928. 
Does Laboratory Work Belong? Jo. Chem. Ed., 5:1432. Nov. 1928. 
Difficulties in Chemistry. School Sci. and Math., 28:835, Nov. 1928, 
Demonstrations in Electricity. Sehool Sci. and Math., 28:835, 
Nov. 1928 
. High School Science Survey of South Dakota. Jo. of Chem, Ed.. 
£:897, July 1927, 
Interference—A Chemical Play. Jo. of Chem. Ed., 4:905, July 
1927. 
Activities of Chemistry Clubs. Jo. of Chem. Ed., 4:1037, Aug. 
1927 
Method in Elementary Biology. School Sci. and Math., 27:594, 
June 1927. 
Experiment—The Boiling Point of Water. School Sci. and Math., 
27 :642, June 1927. 
Science Department Meetings. School Rev., 35:428, June 1927. 
Project Technique in a General Science Course. Jo. of Ed. 
Method, 6:397, May 1927. 
Demonstration vs. Laboratory in High School Chemistry. School 
Rev., 35:376, May 1927. 
SEA LIFE 
Living Jewels of the Sea. Tl. in color. Nat. Geog. Mag. 52 :290- 
304, Sept. 1927. 
SENSES 
The Senses in Science. Hvygeia, 5:343, July 1927. 
The Senses in Science: Sight. Ty geia, 7399, Aug. 1927. 
Senses Women Lack: Tastes. Lit. Dig., 94:2:21, July 9, 1927. 
TEETH 
Dental Superstitions Hveeia, 6:507 and 628, Sept. and Nov, 192s. 
TELETYPESETTER 





The Teletypesetter : \ New tobot Lit. Dig., 99:12:15. Dec. 
1928, 
lELEVISION 
Television Practical at Last. Sci. and Inv., 15:108, June 1927. 
C. Francis Jenkins. Sci. Amer., p. 140, Aug. 1927. 
Practical Television Demonstrated, Sci. Amer., p. 
New. European Television Scheme. Sei. and Inv., 15:204, July 


I 
1927, 


38h, June 1927. 


IDES 
lhe Mysteries of the Tides Pop. Mech., 50:954, Dee, 1928. 
TRAFFI 
“Following the Green”™—-T« Chicago’s North Shore Suburbs. 
Amer. City, 37:211, Aug, 1927 

Traffic Accidents. Hygeia, 5:411, Aug. 1927. 

Uniform Control of Signals. Amer. City, 37:1, July 1927. 

“Municipal Murder Maps” Effectively Used. Am. City, 39:4 :87, 
Oct. 1928, 

Recommendations as to Street Traffic Control Signals. Am. Cit 
19:5:145, No 1928; 39:6:79, Dec. 1928. 

VISUAL EDUCATION 
Visualizing Food Values Jo biome 
Motion Pictures f 

Oct. 1928. 
The Bulletin Board as a eacher’s Aid. School Sci. and Math., 
28 :867, Nov. 1928 


con,., 20:781. Nov. 1928. 


or Science Classes. Jo. Home Econ., 5: 
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A Book That Makes the Study of 


Science Fascinating to Pupils 


CLARK’S NEW INTRODUCTION 
TO SCIENCE 


By BERTHA M. CLARK, Ph.D. 


Formerly Head of Science Department, William Penn High School 
for Girls, Philadelphia. 480 Pages, Illustrated. Price $1.48 


THROUGH simple projects and questions this 
course enables the pupil to understand essential 
elementary principles of general science which 


are connected with his everyday life. 


IT TOUCHES upon the main fields of science 
physics, chemistry, astronomy, geology, botany, 


zoology, physiology, and hygiene. 


IT TREATS recent important developments in the 
application of scientific principles, such as the 
radio, aircraft, moving pictures, ete., and also 
discusses the economic value of plants, improve- 
ments of our environment, learning to know the 
heavens, safeguarding of individual and public 


health, work-saving machines, ete., ete. 








AMERICAN BOOK COMPANY 


NEW YORK CINCINNATI CHICAGO BOSTON ATLANTA 
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WATER 
Water and Its Compoun 


Jan, 1928. 
Five vears’ operation of 
The cost of water analy 
Water-Borne Diseases at 
Relations Between Sew: 
Amer. City, 36:765, 
Water Woiks Developme 


Florida. Amer. City 


Citv, 36:791, June 19 


WEATHER 


Hurricane VDossibilities. 
WERNER 
Alfred Werner. Jo, Che 


\ Simplified Barometer. Ar 
“Tim Turner Windmill.” Pe 
Wire Works. Sci. and Inv., 
Crystal Flowers. Sci. and lh 
\leohol Blow Torch. Sci. al 
Electro-Plating. Sci. and Ih 
Barlow’s Wheel. Sci. and It 


Cell for the Study of Captiv 


Storage Batteries. Sci. and 


A Laboratory Balance. Sci. 


Smoke rings. Sci.:‘and Inv., 


A-battery and charger. Po 


Leather valves for pumps. 


The cash value of pure water. 
Water department gives field demonstrations. Am. City, 38:1:140, 


Mass. Am. City, 38: 


Maenetizine Steel with A. C. 


Self-Growine Plant Box. Se 


SCIENCE 





()UARTERLY 


Is. Jo. Chem. Ed., 5:1163, Sept. 1928, 


Am. City, 38:1:171, Jan. 1928. 


rapid sand filtration plant: Cambridge, 


ses. Am. 


1:133, Jan. 1928. 


City, 38:2:95, Feb. 1928. 


id the Law. Hygeia, 6:319, June 1928. 
ive Treatment and Water Purification. 
June 1927. 


nt in Paln 


20.79" 
» 202608, 


9” 
wie 


Lit. Dig., 


m., Ed., 10 


What to Make 


uur. of Che 
yp. Mech., 


page 235, 


Sei. and 


1d Inv., 14 


lov Electric Engine. Sei. and Inv., 14 


av.. 153334, 


iv., 153337, 


Inv., 15:3: 
Aerial Top. Pop. Sci. Mo., 111:96, July 1927. 
Toy Glider. Pop. Sci. Mo., 111:2:79, Aug. 1927. 


and Inv., 


Prince Rupert’s drops. Sci. and Inv., p. 913, Feb. 1928. 


Frozen mercury. Sci. and Inv., p. 914, Feb. 1928. 


i. and Inv., 


1 Beach and West Palm Beach, 


June 1927. 
Twenty Years of Chlorination of Public Water Supplies. Amer. 


Water Purification and Water Softening in Columbus, Ohio. Jo. 
f Chem. Ed., 4:945, Aug. 1927. 


Our Worst Storm—the Tornado. Sci. Amer., p. 105, Aug. 1927. 


99:11:22, Dec. 15, 1928. 


M1, Sept. 1928. 


rs 


am. Eduea., 5:1004, Aug. 1928, 





p. 914, Feb. 1928. 


Copying devices. Sci. and Inv., p. 914, Feb. 1928. 
Rubber-band gun. Sci. and Inv., p. 916, Feb. 1928. 


page 155, July 1928. 
July 1928, \ 
w., 14:1131, Avr., 1927. { 
Inv., 14:1131, Avr, 1927. \ 
71130, Apr. 1927. 
71126, Apr. 1927 
Aug. 1927. 
15 :327, Aug. 1927. 
Aug. 1927. 
e Ants. Sci. and Inv., 15:311, Aug. 1927. 
338, Aug. 1927. 
15:147, June 1927. | 
' 
7 
{ 
p. 121, Jan. 1928. ' 


p. Mech., 


Home-made fuses. Pop. Mech., p. 124, Jan. 1928. 
Skate-sailing. Pop. Mech., p. 137, Jan. 
Pop. Mech. 


1928. 


, p. 165, Jan. 1928. 




















THE 


©. HM. S. 


Combination Movie 
Camera & Projector 


BOTH IN ONE 


AS A CAMERA it is easy to operate to obtain 
professional quality pictures at first try. Operates 
by spring motor or hand crank, obtaining fast or 
semi-slow motion, as desired, “ Waist level” 
and “eye level” enclosed finders. Equipped 
with special F3.5 Graf Lens. Green, brown 


or black casing 





As a Camera 


QO. R. S. AS A PROJECTOR 


Operates from attachable motor 
of special design to run on 110 
volts A.C. or D.C. Lamp- 
house attachable operates on 


110 A.C. or D.C. using 110 
volt, 200 watt lamp. Fixed 


focus lens. 
Complete Camera, Projector, 


Electric Motor and Carrying 


ee iO ees oe eae $98.50 As a Projector 





THE Q. R. S. CO. 


333 No. Michigan Ave. 135th st and Walnut Ave. 
Chicago New York City 























Magazine List 


imerican City. 443 Fourth Ave., New York City. Monthly. $4.00 
a year, 50¢ a copy. The science problems of city and rural 
communities are treated in numerous articles, well illustrated. 
A valuable student and teacher reference. 

Commercial America. Philadelphia Commercial Museum, Philadel- 
phia, Pa. $2.00 a year. Ill. Commercial production. New inven- 
tions. Will interest commercial geography and science teachers. 

Current Science. 40 South 3rd St., Columbus, Ohio. Weekly during 
school year. $1.00 per year. This is a student’s news sheet, 
vivinge interesting science news of the world: it will add life to 
the work of the general science class, 

The Educational Screen. 5 South Wabash Ave., Chicago, 10 months 
25¢ a copy, $2.00 a year; with “1000 and One Films,” $2.25 a vear. 
Discusses the use of motion pictures, slides, and other visual aids 
in our schools: gives brief descriptions of educational films, and 
lists of theatrical films which are suitable for children. The 
journal is entirely educational, having no commercial affiliations. 

The Home Economist. 468 Fourth Ave., New York City. Monthly. 
10¢c a copy, $1 a year. Gives practical discussions of everyday 
classroom problems, lesson outlines and plans. 

The American Home. Garden City, N. Y. Monthly. $1.00 a year. 
Helpful suggestions to the amateur gardener, home maker, 
teacher and pupil. 

General Science Quarterly. Salem, Mass. Quarterly. 40c a copy, 
$1.50 a year. The only journal published devoted alone to science 
in the elementary and secondary schools. It tells what schools 
are doing in science, gives lesson plans, demonstrations, and an 
extensive bibliography of usable arti: les in current periodicals, 

The Guide to Nature. Sound Reach, Conn. Monthly. 15¢ a copy, 
$1.50 a year. Ill. Of interest to elementary pupils and teachers 
of nature study. 

Hygeia. 535 North Dearborn St., Chicago. Monthly. 25¢ a copy, $3.00 
a year. Popular articles on individual and community health. 
A valuable supplement to classroom work in hygiene. 

Industrial and Engineering Chemistry. Box 505, Washington, D. C. 
Monthly. 75e a copy, $7.50 a year. A technical journal which 
contains much material which teachers can use. 

Journal of Chemical Education. 85 Beaver Street. New York, N. Y. 
Monthly. $2.00 a vear, Promotes chemical education; primarily 
a journal for the chemistry teacher. Digests of activities of 
chemical associations. 

Journal of the Franklin Institute. Philadelphia, Pa. Monthly. 50c a 
copy, $6.00 a year. Ill. A technical journal. Contains many 
articles of value to science teachers. 

Journal of Home Economics. 617 Mills Bldg., 700 17th Street N. W., 
Washington, D. C. Monthly. 25¢ a copy, $2.50 a year. For 
teachers 

The Literary Digest. 354 Fourth Ave., New York. Weekly. 10¢ a 
copy, $4.00 a vear. Has a department, “Science and Invention.” 
Articles are mostly digests from other journals. They are popu- 
lar in nature and suitable for high school pupils. 
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THE BOOK OF POPULAR SCIENCE 
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1. 

YEARLY SUPPLEMENTS 

i. 

1- The Book of Popular Science is being used today in thousands of 
- schools, colleges and libraries, for classroom and reference study. 
B Its thirteen departments tell simply and accurately the complete story 


of scientific thought and achievement: The Universe, The Earth, Life, 
Plant Life, Animal Life, Man, Health, Power, Commerce, Industry, 
$. Society, Household Science, Biography. The 465 articles are interest- 
r. ing to read, sane and balanced in treatment and lavishly illustrated 


a with thousands of photographs, charts, diagrams and color-plates. 
e The alphabetical index covers the whole field of science. 
v. Supplements Edited by 
ts 
Professor Dexter S. Kimball 
ve 
r, assisted by other members of the 
faculty of Cornell University 
- 
8 Annual supplements to The Book of Popular Science, containing 
: signed articles on the important new developments of science, are 
supplied free to subscribers for a period of not less than ten years. 
. A loose-leaf binder, uniform with the volumes, holds the supplements. 
Professcr Dexter S. Kimball, Dean of the College of Engineering, 
0 Cornell, is editor of the yearly supplements, assisted by other mem- 
i. bers of the faculty of Cornell University, men and women who are 
authorities in their several fields of science. 
h 
| FREE to Teachers 
y 6é ay - ~ 99 
f SCIENCE REMAKING OUR LIVES 
ee ee ee eee Ce ia, SL a een ae ae ee 
y | i at ee Se eg ee ! 
THE GROLIER SOCIETY Dept. 203 
“ 2 West 45th Street New York, N. Y. 
; 
You may send me without charge or obligation the gravure booklet “‘ Science Remak 
a ing Our Lives,’’ and particulars as to prices and bindings of The Book of Popular Science 


Name 


Address 
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Vational Geograpl it Vagazine. Washington, D; C. Monthly. 50c a 
copy, $3.50 a year. Best monthly journal for high-grade pictures. 
Articles are of interest to general readers, pupils and teachers, 
as well as to geographers. 

tmerican Journal o Publie Health and The Vation’s Health. 
370 Seventh Ave., N. Y. C. Monthly. 53.00 a sar, 25c a copy. 
An illustrated magazine devoted to community, industrial and 
institutional health problems. Very helpful to tl science and 
hvgiene teacher, 

Photo-Era Magazine. Wolfeboro, New Hampshire. Monthly. 25¢ a 
copy, $2.50 a year. This magazine is for the beginner, the ad- 
vanced amateur, and the professional photographer. It has much 
for the science department of universities, schools and summer 
camps, and will help instructors and pupils to make better photo- 
graphs, 

Popular Mechanic Vagazine. Chicago. Monthly. 25¢ a copy, $3.00 
a year. Short science items and articles, well illustrated. Ap- 
peals strongly to elementary pupils. Suggests many constr ction 
problems. 

Popular Science Monthl 225 West 39th Street, New York City. 
Monthly. $2.50 a year, 25e a copy. A review in text and pictures 
of the news of science and invention, presented in a humanistic 
and inspirational way. Used as a supplement to text-books in 

Valuable to science pupils and teachers. 
Place, New York City. 25¢ a copy, $2.50 per 
ractical periodical for all who are interested 

j progress, new hook-ups, and gives much 
help to on \ may wish to construct his own set. 

School Science and Mathematics. Chicago. Monthly. $2.50 a year. 
\ teacher’s journal, Includes many helpful suggestions. 

‘ience Classroom. Tssued by “Popular Science Monthly,” October to 
June, 25¢c a year. A valuable teacher’s aid, giving lesson plans, 
experiments, and many reference suggestions for secondary sei- 

hers 

‘ientific American. 24 West 40th St., New York. Monthly. 35ce 

a copy, $4.00 a year. Has longer articles than the other popular 

science journals. Illustrated. Particularly valuable to high 


ence teac 


school science pupils and teachers. 
sience and Invention. 53 Park Place, New York City. Monthly. 25e 
per copy, $2.50 a year. Ill. Popular articles on astronomy, 
physics, photography, radio-activity, medicine, and, in fact, sci- 
ence in general. 
ientific Monthly. rarrison, N. Y. 50e a copy, $5.00 a year. Arti- 
cles, as a rule, are more along lines of pure science. Much of 
value to teacl . Articles can be read to advantage by many 
pupils. 
ience Vews-Letter Science Serv ice, 1115 Connectic it Ave., Wash- 
ington, D. C. Weekly. 10¢ a copy, $5.00 a year. Gives a valu- 
able current summary of the progress of science, in a form usable 
in science classes. 
Transactions of the Iliuminating Engineering Society. 29 West 39th 
Street, New York. Monthly. $1.00 a copy, $7.50 a year. Tech- 
nieal. Many articles contain material which can be used in high 


chool classes. 








